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ABSTRACT 
Quantitative Analyses of Perennial Atriplex-
Dominated Vegetation of Southeastern Utah 
by 
Teja Singh, Doctor of Phi l osophy 
Utah State University, 1967 
Major Professor: Dr. Neil E . West 
Department: Range Science 
An intensive study of the applicability of mathematical methodology 
to the ordination and classif ica t i on of desert vegetation was undertaken 
dur ing 1962, 1963 and 1964. The study area, forming part of the shad -
sca l e zone vegetation and covering 13.5 square miles, is situated near 
Cisco in Grand County, southeastern Utah. Broad pediments orig inating 
from the nearby Book Cliffs are the main landform. 
Geologically, the area was sub jected to many cyc l e s of ero s i on. 
The pediment and the Quaternary remnants thin out with increasing dis-
tance from the Book Cl iffs . The al l uvial fan deposits are readi l y 
recogni zable at three distinct levels. Manc os shale, a lead-gray 
Cre t aceous shale of marine or i gin, forms the lower part of the Book 
Cli ffs and of the pediments originating from it. The vegeta tion con-
sists of widely-spaced species in which the dominant shrub spec i es 
belong to the genus Atriplex. The soils have characteristics of Sierozem 
zonal soi ls (Aridisols), are o f t en heter ogeneous even within short dis-
tances and edaphic inf l uences are s trong. 
In absence of any single over-riding fac tor, the eros i on gradient 
provided the primary basis for the ordination of vegetation. The gradient 
is readily noticeable and is accompanied by edaphic and other micro-
environmental changes. Four s ub-divi sions or segments can be easi ly 
distinguished . Each segment incorporates a degree of microenvironmental 
homogeneit y and a distinct expression of vegetation in \.;rhich the transi-
tion from the one t o the next is usually abrupt. The dominant Atriplex 
species for each segment, I to IV, are Atriplex confertifolia, ~· 
nuttallii nuttallii, ~· nuttallii gardneri, and_!. corrugata. 
The data on canopy cover and f requency were collected for each 
species. The analyses attempted embraced a wid e range of quantitative 
techniques, namely, grouping of species on peak CF (sum of relative 
canopy cover and relative frequency) value; analysis based on frequency 
x constancy index; association analysis (among species) using coef-
ficient o f interspec ific association, chi-square, and their combination; 
derivation of homogeneous groups of vegetation based on presence o f single 
species showing positive association; association analysis and group 
study based on the use of correlation coefficient; multivariable approaches 
to the ordination of vegetation employing factor analysis preceded by 
partition of the sparse data matrix, and the Q- and R- techniques of cluster 
analysis. Prevalent and modal species were also determined for each 
segment. 
The study provided an excellent opportunity to compare and test 
the validity of results ob tained from various analyses and also those 
that could be eas ily differentiated from inspection alone. The number 
and composition of groups derived showed considerable agreement in most 
cases, though slight variations were introduced inadvertantly through 
subjective, and sometime inevitable, choice of qualitative and quanti-
tative measures employed in particular analyses. 
The quantitative approach, with an obvious advantage over the re-
connaissance methods, provided a judgement on the significance of simi -
larities and dissimilarities . It also made it pos s ible to detec t smal l 
differences which were more ind ica tive of pattern, rather than a type , 
within the vegetation area studies . The multivariate techniques of 
cluste r analysis (Q- and R-anal yses ) illustrated superiority over other 
methods i n that the c luster relations among various enti ties were r eadily 
discernable at all leve ls of affinity f r om the hierarchica l dendrograms . 
On the other hand , the t echniques utilizing statistical t es ts of signi-
fic ance necessi tat e preparing a new dendrogram eve ry time a change is 
desired in the choice of probability l eve l for testing hypothes es . 
The ana l yses based on prevalent and modal species, and als o those 
using peak value s of CF and constancy x f r e quency i nd ices, provided a 
quantitative measure of the habitat preference of component species. 
The quan titative approaches used in the s tudy proved their use -
fulness and applicability , on the whol e , to delimit accurate groups in 
the s had scale zone vegetation of Southeas t ern Utah . They also displayed 
a degree of flexibility, and sophistication, that may be needed in 
indiv idual studies . 
(190 pages ) 
INTRODUCTION 
The search for quantitative methods to place classification and 
ordination of vegetation on an ob jective basis has resulted in use of 
numerous statistical techniques. 
The approaches used in early synecological studies were mostly 
subjective and differed widely among individuals . Much reliance was 
often placed on a few, arbitrarily selected spec ies and vegetation para-
meters, ignoring largely the information on many that cou l d have been 
us ed with advantage to delineate accurate vegetation groups. The 
statistical techniques, however, are supposed to reduce bias in testing 
postulated hypo theses and yie ld consistent results irrespective of person 
performing the analysis. In addition to being objective, the quantitative 
approach provides a measure of reliability on the degree of association 
between species and among vegetation stands. The statistical methods a l so 
enable detec t ion of small differences that may remain unnoticed in a 
purely subjective approach to vegetation delimitations. 
Although the e lement of s ubjec tivity may never be comple t ely eli -
minated, the statistical approach provides a mathematical abstraction 
of complex phenomena as an aid to synec ological decisions. These 
approaches often imply certain assumptions that may only be partially 
fulfilled under field conditions. The extension of statistical infe r ence 
to the classification and ordination of vegetat i on, therefore, is likely 
to be confronted wi th some compromise between the mathematica l ideal 
and practical applicability. 
The study report ed here dea ls with the shadscale zone vegetation 
in southeastern Utah. Four communities were previously r ecognized 
(Ibrahim, 1963 ), primarily on the basis of dominan ts belonging to the 
genus Atripl ex , through a c l assification scheme base d largely on 
reconnaissance t echniques . The app lication of the more quantitative 
approaches to the classification and ordinat ion o f the same vegetation 
appeared to provide an exce llent op portunity t o compare and test the 
validity of the results from various analyses. 
The e daphic influences in the shadscale zone are strong, the eco -
systems stand out clearly and the vegetation can be conveniently dif-
ferentiated into component units. It is therefore possible to determine 
how the results from quantitative analys es agree wi th each other in rela-
tion to type s delineated from inspection alone. The study provides an 
illustration of the feasibility of various quantitative syneco logical 
techniques for this and similar vege tation . 
The main ob j ective of the study was to apply mathematical method-
o logy t o the classification and ordination of shadscale zone vegetation. 
The environmental gradient provided by the different cycles of ped iment 
erosion was used as the primary basis for ordination. 
REVIEW OF LITERATURE 
Th e concept of plants as members of distinct communities was early 
stated by Kerner (1863) : "In every zone the plants are grouped into 
definite g roups, which appear either as devel op ing or as finished com -
muni ties, but never trans gress the orderly structure and correct c om -
posit ion of their kind. 11 
Di ffe rent techniques have been deve l oped in the past t o s tud y species 
interrela tionships and communities. Th e early a ttempts at ecological 
classification of plants were thos e of Mer riam (1 890), Warming (19 09) , 
and Raunkiaer (1934 ). Other approaches have been provided by t he hier-
archical syst em of Braun-Blanquet (1951), dynamic ecology of Clements 
( 1936), individua listic association of Gleason (1917, 1926, 1929, 1939), 
continuum analysis of Curti s and Mc intosh (1951), gradient analysis of 
Whittake r (1952, 1956, 1960), factor analysis of Goodall (1954a), 
ordination t echniques of Bray and Curtis (1957), and cluster ana l ysis 
of West (1966). 
The ob jective , quantita tive measures proposed by some investigators 
t o classify stands into community t ypes include the coefficie nt of 
community (Jaccard, 1912; Evans and Dahl, 1955; Hanson, 1955; Poor e , 
l95 5c) , Gleason's (19 20) modification of the coef ficient of community 
(Bray , 1956; Bray and Curtis, 1957; Maycock and Curtis, 1960), and the 
coef ficient of r e lationship of association (Kulc zynski, 1927). 
Correla t ion coefficients were used by de Vries (1953), Goodall 
(1953, 1954a), Williams and Lambert (1959, 1960, 1961), and Kershaw 
(1961). Indexe s of interspecif ic association were similarly employed 
by Hale (1955), Gilbert and Curtis (1953), de Vries (1953), and Bray 
(1956). 
Factor analysis (Goodall, 1954a), Kendall's "Tau " coefficient 
(Ghent, 1963), partial correlation coefficient (Stewart and Keller, 
1936 ; Dawson, 1951) and chi-square test (Cottam and Curtis, 1948; 
Hopkins, 1957; Williams and Lambert, 1960, 1961) a r e some of the other 
attempts to use statistical techniques in vegetation analyses . 
The index of diversit y (Williams, 1944) has been used as a measure 
of homogeneity. It provides a measure of the floristic richness of a 
community. Williams (1949) showed that it was possible to deduce the 
coefficient of community from the index of diversity. 
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Curtis and Greene (1949) used a physiographic base to group stands 
into high prairie, low prairie, dry limestone prairie, and stand prairie. 
An index of homogene ity was calculated for all the groups. 
de Vries (1953) attempted an objective combination of species by 
calculating correlation between spec ies. A conste llation of the grass-
land species was constructed. The color of connecting lines in the 
constellation indicated the corre lation class bas e d on the correlation 
value. 
Gleason (1917, 1926, 1929, 1939) stated that no two stands were 
eve r alike and that the plant species were distributed according t o 
their pot entialities . He considered the environment and vege tation to 
be varying continuously in space and time and stated that a precisely 
logical class i fication was impossib l e. 
Whittaker (1951) found that in the fores ts of the Great Smoky 
Moun ta ins the species were not organized into ass ocia tion units but 
rather the vegetation was a complex continuum of plant populations . 
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A chi-square significance test in a 2 x 2 contingency table was 
used by Hopkins (1957) to obtain groups of positively associated species 
which he termed basic units . The basic unit was defined as a group of 
positively associated species oc curring within a si t e of a plant com-
munity. The proportion of quadrats belonging to each basic unit was 
plot t ed against the quadrat area. The mean size of the bas i c unit occur-
r ed somewhere in the r egion where this proportion f e ll to zero. An 
es timate of the mean size of the basic units cou ld be obtained from 
quadra ts of different areas. Three wi dely diffe r ent types of vegetation 
i nc luded in the study showed that the basic units c ou ld be picked out 
by the proposed method. 
Clausen (1957) derived correlation coefficients independently from 
measures of presence , frequency and relative frequency . The different 
sets of correlation coefficients were used to arrange the plant communi-
ties in phytosocio l ogical order . 
Bray (1 956) recogn ized three l eve l s of mutual occurrence of plant 
spec ies-- geogra phic, communal, and intersp ecific. Gleason's modification 
of Jacc ard ' s coe f ficient of community (Gle ason, 19 20) and Cole ' s index 
(C ol e , 1949) were used i n his s tud y of the Wisconsin savanna. The mea-
sure ment of i nterspecific association was suggested only for the quad -
r ats o f those plot s wh i ch con tained bo th species . Mos t species were 
shown t o be i ndependentl y associa t ed . The inte rspecific as sociations 
wer e not related to the r e l ative communal occurrence of s pe cies in the 
plots . 
Poore (l 955a, 1955b, l955c , 195 6) fo und tha t absolute uniformity 
i n vege t a tion or in habitat did not ex i st , but it was possible t o find 
various l evels of r e lative unifo r mity , any of wh ich might be selected 
according t o the degree of exac titude required. Poore stated that ab-
stract points of reference can be distinguished by the description of 
various stands of "uniform" vegetation. Such points defined by the con-
stant and dominant species coincide with t he frequently occurr ing and 
easily recognizable plant communities. Many communities, hmvever, were 
intermed iate and could not be ascr ibed to these points of reference if 
the latter were not sufficien tly numerous. 
Poore (1956, 1962) considers variation in vegetation to be multi-
dimensional. Vegetation therefore can not be classified in an hierarchy. 
The principal value of phytosociological methods lies in their use for 
the solu ti on of ecological problems by a "process of successive approxi-
mation." The factors responsible for the distribution of a community 
can be narrowed down, through extensive observation, until a solution is 
found that may be economically submitted t o experimental confirmation. 
Poore concluded that it is usually possible to find communities whic h 
occur frequently in almost the same fo rm, especial l y in a limited region. 
Anderson (1954) used a gradient based on frequency data and ranked 
the spec i es according to an index de rived from the product of frequency 
and constancy. Curtis (1959) used this index for many of the major plant 
communities of forest and prairie in Wis consin. 
Curtis and Mcintosh (1951) used a summation index of relative fre -
quency, relative density and re lat ive dominance to expre ss the relat ive 
eco l ogical importance of each tree species in a stand. Arbitrary numbers 
were assigned to the species to indicate the degree to which they approach 
the climax. The quantitative measure expressing the ecological i mpo r -
tance (importance value) of each spec ies in the stand was multiplied by 
the assigned value and the product was added to g i ve a weighted total 
for each individual stand. The stands were then arranged on the basis 
of the continuum index value s and the distribution of individual species 
was plotted against this axis. They found that no distinct group of 
stands was apparent--rather the entire series o f communities formed a 
continuum in which a definite gradient was exhibited from initial stages 
composed of pioneer species to terminal stages compos ed of climax species. 
Whittaker (1951) be lieved that the concept of association as a 
fundamental unit should be abandoned . By using fie ld techniques of 
gradient analysis he found cont inuity of plant populations through 
most of the traditional associations. The data failed to show any sharp 
boundary from one community to another. 
Bray and Curt i s (1957) studied the stands of upland hardwood forest 
in southern Wisconsin by means of an ordination technique in which the 
degree of similarity of two stands was translated into a spatial pattern 
by equating the inverse of the coefficient of community with linear dis-
tance. Three vege tation gradients were constructed by means of a geo-
metric method of arc projection and intersection. These gradients were 
used as independent axes to give a three-dimensional ord ination of 
stands. 
Curt is (1959) described the major groups of the vegetation of 
Wisconsin on the basis of physiognomy of the community as forests, 
savannas, and grasslands . Floristic provinces provided a further divi-
sion into northern and southern subtypes. Finer subdivisions were based 
on f loristic composition rathe r than physiognomy. The major subdivi-
sions of fores t communities we r e based on dominants although the ground -
layer was also considered. In the non-forest communities the most pre -
valent species were used regardless of whether or not they were dominants. 
In case of some minor communities, the finer subdivision was based 
either on growth form or on physiognomic considerations. 
Mcintosh (1957) undertook a sta tistical study of the distribution 
and interrelations of species characteristics of diffe r ent forest com -
munit ies in Wisconsin. The results suggest ed a pattern of specie s 
whe r e separation into discrete c l asses was arbitrar y . 
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Samples from the Great Smoky Mountains were chosen by Whittake r 
(195 6) without r eference to association s , assuming that these might fal l 
into natural groups. The majority of the groups showed all grades of 
simi l arity and d i ssimi l arity . These could only be gr oupe d arb itrarily 
into community types. However , an earl ier st udy where serpentine so il s 
occurred (Whittaker, 1954) revealed that the vege tation supported by 
them was f lorist i ca l ly and physiognom i cally distinctive . 
Looman and Campbel l (1960) employed Sorensen's quotient of similar-
ity (K) and Kendall' s rank cor r e l ation coefficient (T) to es tima t e 
affinities of sites wi thin phy t osoc iological assoc i ations. A r e lati ons hip 
was estab l ished between K and T, and a fac t or Ke was calcu l ated from 
this r e lationship to est imat e the s ignificance of K quotien ts . The 
procedure was applied t o sites c lassified by an association table. A 
reallotment was made in case of those K quotien ts that did not equal 
Ke, and this was found to be more c l osely related to the site qualities 
than the gro upings that were based only on the association table . 
Whittaker (19 56) found that the ass ociations were not communities 
but were communit y types or conceptual clas ses of communities. Associa-
tions may be define d by dominant species, and their distributions over l ap. 
Associa tions may a lso be formed by the grouping of specie s wi th their 
distribution centers close together in r e lation to env ironment. Much 
of the vegetation showed continuous g rad ation although zonation with rela-
tively discontinuous t ypes separated by ecotones a l so occurred. Whittaker 
conclud e d that species are not organized into natural unit s or associa-
tions. 
An analys i s to t est both the scales of pattern and degree of associa-
tion present in a population was designed by Kershaw (1960). The t re nd 
of ass ociation fo r different block sizes was shown by the analysis of 
var iance of grouped data of t wo associated spec i es compared wi th the 
expected variance when these were assumed to be independent of each 
other. The amplitude of a peak in the analysis is increased with posi-
tive association, and with no association there is a significant fluc-
tuation of peak amplitude. 
A three-dimensional phytosociologica l ordination of the Boreal 
conifer -hardwood forests of the Great Lakes region was attempted by 
Maycock and Curtis (1960). Importanc e values were calculated for all 
tree spec i es, and on ly presence and frequency values for th e shrub and 
herb species. All stands were segrega ted into five broad moisture cate-
gories and smooth curves r e presenting the eco logical tolerances of 
specie s were obtained. Quantitative values when plotted in the ordina-
tion res emb led solid spheres , each occupying a specific range of environ-
mental conditions, with high values closely aggregated and decreasing 
toward the periphery. They concluded that the forests formed a vegeta-
tional continuum and were inseparably related to all neighboring vege-
tation types. 
Studies by Maycock (1961, 1963) have shown a continuous variation 
in vegetational composition. I t was found (Maycock, 1961) that the 
quantitative occurrences of different plant species coincided with the 
di ffe r ences in the site mo isture conditions. The phytosociological 
analysis of the dec iduous fo rest region of extreme so uthern Ontario 
(Maycock, 1963) ind icated the fu tility of the di s tinct assoc iation 
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or distinct community a pproach. The ecological tolerance of individual 
tree s pecies and th e continuous nature of forest patterns were brought 
out by the ordination of stands in relation to site moisture character-
istics. 
The ordination t echniques of Bray and Curtis (1957) were used by 
Loucks (1962) for a three -dimens ional r epresentation of the spatial 
pattern in phytosociological variation. Divers e types of soil and loca-
tion da ta were synthesized into sing le expressions cal led sca lers. 
Distinct gradients in the t ree, shrub, and herbaceous species composi-
tion were found to correspond wi th the scale rs. The scaler method pro-
vid e d a coordinate representation of environment in multiple dimensions 
for use in forest eco-system c lassification. 
Chi-square test and the coeff icient of interspeci fic association 
we r e use d b y Cook and Hur s t (1962) to determine indepe ndence and degree 
of sociability of four abundant s pecies in the Es calante desert in 
southern Utah. The study used presence and abs ence data and was designed 
to determine whether these plant species were distributed independently 
or were associated with one another and with good or poor condition of 
the range. 
Mcintosh (1962) tried three uses of int erspecific association in a 
stand of deciduous hardwoods in sou thwestern Wisconsin to compare the 
results and to determine the utili t y of these in studies of relational 
patterns within plant communities. Although these methods did not indi-
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cate that basic and distinct groups of mutually associated species were 
characteristic in communit y organization, useful patterns of specific 
behavior were discernible. It was concluded that interspecific associa-
tion afforded a useful technique in the study of community organization. 
A simi lar conclusion by Kershaw (1960) suggested that the investigations 
of pattern and association within plant communities were becoming stan -
dard methods for studying s tructure and the plant int e rrelationships. 
Anderson (1963) used the ordination technique of Curtis and Mcintosh 
(1951) in the analysis of plant communities present on an upland grass -
l and of Ffridd Ddu, Caernarvonshire , and demonstrated a continuum in 
both vegetational and soil composition. The performance of individual 
plant species was related to a single axis of floristic variation which 
correlated well with a similar single-axis variation in some edaph ic 
fac tor s . 
A classification based pr imaril y on vegetation, wi th the use of 
soil profile for an additional characterization or for a further desir-
able subdivision, was attempted by Damman (1964) for the forests of 
central Newfoundland. The emphasis in the eco logical description was 
t owards the presentation of an integrated picture of the forest -and-land 
types ("ecosys t em types") of sign ificance to forest and land management. 
A phytosociological approach, based on the methods of the Zurich-Montpellier 
School, wi th some modifications, was adopted. According to Damman, 
although the hierarchica l system of this School was not a pure ly linear 
classification, as Poore (1955-1956) called it, it was sti ll unab le to 
e xpress the polydimensional r e lationships inherent in vegetation. Damman 
concluded that this system, in order to show ecological relationships, 
needed t o be comp leted rather than r ep laced by eco logical series, lines 
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of variations or a t wo-or three-dimensional coordinate system. 
A study of the environme nt of forest plant communities and forest 
productivity was carried out by Eis (196 2) in a se lected area of the 
coastal forest of British Columbia. The study, through the use of cor-
relation and r egression anal yses, was designe d to assess the degree t o 
which plant community and tree productivity were influenced by individual 
environmental factors as "vell as by group of factor s. Seventeen variables 
were taken into consideration. It was concluded that topography was the 
primary factor in f luencing s oi l and \Vater conditions wi th in a given 
macroclimatic region, ~·Jhich in turn resulted in the development of a 
cer tain microclimate and an accompany ing plant community. Environmental 
facto r s which individually may account for a very high degree of variabil-
ity in the depende nt variable tvere found to have an insignificant influ-
ence when combine d with other e nvironmental factors. Almost a ll t he 
variab ility of the plant communities could be accounted .for by differences 
in so il and in moisture regime. 
An analysis to bring out the important correlations between so il 
types and vege tation of an 80-acre woodland was undertaken by Bea ls and 
Cope (1964). Re lative and abso l u t e values of density and dominance 
(basal area) "ere calculated for the vegetation on each of the six soil 
types. Coefficients of similarity, between vegeta tion and different 
soil t ypes , were calculated on the basis of the importance value of 
trees , frequency of spring herbs, and fre quency of summer herbs. Saptial 
ar rangements based on each of the three sets of similarit y coefficients 
were derived empirical l y to show the relationships. 
Ramsay (19 64) used an inter -plot coefficient of similarity (K) 
based on the sum of relative dominance and relative density . K values of 
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~ 70 were chos en arbitrari ly to delimit group noda a nd subnoda . A 
group nodum was defined as the central core of plots , all closely cor -
related (K ~ 70), which formed the nucleus of a group. A group was 
cons idered as the whole assemblage of pl ots based on a nodum in whi ch 
each pl ot wa s linked to a plo t or plots of the nodum e ither directly or 
through an int ermediate plot or plots. A conste llat i on diagram of the 
plots in each gr oup was constructed by starting with those having the 
highest K values as the core or nodum , and the group wa s built around 
it. The groups so obtained were compared with the empirica l classifi -
c ation and with those derived f r om association analysis. While not 
identical, these were sufficientl y close to warrant comparisons . 
Multivariate methods of assay ing similarities have recent ly been 
tried in botany (Rogers and Tanimat o , 1960), entomo l ogy (Mi chener and 
Sakal, 1957; Sokal and Michener, 1958), microbiology (Sneath, 195 7), 
and zoology (Cain and Harrison, 1958). Of immediate interest, and 
r e l ated to the ecological classificat i on of vegeta t ion , are the techni-
ques of numerical taxonomy as app l ied t o the classificat i on of so il s by 
Ho l e and Hironaka (1960) and Bidwe ll and Hol e (19 65) . Hole and Hironaka 
us ed the ord ination techniques of Goodall (1954a) and Bray and Curti s 
(1957) to ob tain indices of s i milarity for the soils of the Miami family 
and for 25 soils rep res enting t he great soil gr oups of the wor ld . 
T\·lenty- f i ve soil properties wer e used in ca l cu lating these indices and 
each soil was considered i n combination with every o ther soil. Hol e and 
Hironaka recommended the method as a means of r ecording and testing the 
judgments and insights of soil classificationists and geneticis ts. 
The s tud y by Bidwell and Hole (1 965) was based on a similar ordina-
tion t echnique and utili zed thirty so il charac teristics to calculate the 
numerical indices of similarity. These characteristics 'tvere chosen 
solely on the basis of availabi lit y and ease of scaling, with no 
conscious effort be ing made to add or delete properties that could be 
suspected of contributing to a soi l's morphology. In genera l, the 
numerical classification substantiated the present classification . 
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A taxonomic dendrogram was const ructed to illustrate the array of soils 
in a hierarchical classificat i on according to the method of Sakal and 
Michener (1958). The major obstacle in the adoption of the ordination 
technique on a larger scale appeared to be the selection and weighting 
(if any) of the characteristics to be considered. 
West (1964b, 1966) used the method of clus ter analysis of numerical 
taxonomy to provide an objective basis to the synecological delimitations 
in the montane forest vegetation of the east flank of the centra l Oregon 
Cascades. Relative parameter - weighted coefficients of sim ilarity were 
used to derive dendrograms that allmved a "slid ing scale 11 of stratifica-
tion to be made in this vegetation of intermediate, but more characteris -
tically continuum than unit-association, nature. The approach was par-
ticular l y useful because of the very uniform nature of the weakly dif-
ferentiated soil profiles that negated heavy reliance on edaph ic infor-
mation for research or management stratification. The transitional 
nature of much of the montane forest, and it s differential variability 
along the coenoc line studied , prevented the use of traditional classifica-
tion schemes. Modifications of me thodology were suggested to sui t any 
need for more subjective synecological examination . 
The mult ivariate approach to synecological s tudie s holds promis e 
for future and an obvious advantage ove r the other current techniques. 
Multivariate analysis--"the study of relationships between sets of depen-
dent variables "--has two e ssential features (Gittins, 1965, p. 385): 
(l) T~e use of information on a large number of 
variables /viz, species, when the analysis is applied 
in an ecol~gical contex!f and (2) the treatment of the 
variables as inter - related or dependent .... The use 
of information on a large number of species avoids 
the need to attach special importance or weight to 
selected flor istic or structural characters; the 
arbitrary elements >;vhich selection and \Veighting 
introduce at the outset of analysis are thus mini -
mized or avoided. 
The multivariate methods are likely to present a strong cha llenge 
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to a l ternate techniques widely used in vegetation studies at the present 
time (Gittins, 1965). If the system is multivariate, it must be s tudied 
as such (Williams and Lambert, 1959). 
Gr eig-Smith (1964, p . 162) finds it convenient to discuss quantita-
tive techniques of classification and ordinat ion und er three heads: 
"(1) thos e based on association between species, (2) thos e based on 
measures of similarity between stands, (3) those relating the composition 
of stands to environmental gradients ." A closely related fourth ca t egory 
includes the defining of group s of species which shmv similar ecolog ical 
behaviour. Williams and Lambert (19 61) prefer the t erm "ecol ogica l 
groups, " or an assemblage of eco l ogic g roups, for the associations 
derived from the consideration of spec i es, and "association 11 when 
derived from association between stands. 
A misconception seems to exist in t he treatment of vegetat i on delimi -
tations into systems of classifica tion or ordinati on . The systems of 
classification seem to have stemme d from the concept of vegetation as 
discre t e units as opposed to ordination where vegetation i s treated as 
a continuum and arranged according to one or more axes of variability. 
The two approaches, however, are not mutually exclusive. "In classifica-
tion," Lamber t and Dale (1964, p . 72), 
the individuals (i .e . the sites ) are arranged in 
groups, t he members of which have certain properties in 
common; in ordination, the individual s are arranged on 
axes, with the ir properties determining the ir positions . 
Both types of met hod are essentially " s tructuring 11 t e chni-
ques, in t hat bo th are aimed at seeking a simpler structure 
than that of the Driginal raw data. 
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There is a lso a misunderstanding that "classification is on ly properly 
applicable to 'discontinuous' data, whi l e ordination t e chniques are more 
appropriate to continuous systems. 11 Lambe rt and Dale emphasize that: 
. . there i s no a priori reason why the use of ei ther 
me thod should be restricted in this way: continuous syS tem s 
can be efficiently classified if class ification is desired, 
while 11 disc ontinuous 11 (i. e . markedly heterogeneous) systems 
can be ordinated i f ordination is thought more us eful for 
the immediate purpose in hand. Moreover, there is in prin-
ciple no reason why classification and ordination t echniques 
should be mutually exclusive: classi fie d unit s can be 
ordinated, and ordi nated units classified. Which me thod 
to adopt at a given stage of the invest i ga tion is entirely 
a matte r fo r the user, irrespec tive of any subjective 
conce pt of the "rea l" nature of vegetation. 
Anderson (1965) pointed out that the structural di ffe rences in the 
vegetation of an area were large l y the result of multifarious selective 
mechanisms operating on different sca les and at different intensities 
in the envi ronment. Thus, gross and continual selection was likely t o 
produce clear l y di fferentiated vegeta tion t ypes more amenable to class ifi-
cation . Se l ect ion operat ing at a much lower intensity, however, was 
likel y to result in minor differ entiation for \"hich ordination procedures 
were like ly to produce a more meaningful analysis. Ne ither of the two 
analytical approaches, according to Anderson, was intrinsically better 
than the other. The choice was main l y determined by the objectives and 
the ext e nt to which each methodology could assis t in reducing the vegeta-
tional comp l exi t y t o a mo re compr e hensible order. 
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Daubenmire (1966) finds it hardly debatable that the eart h' s flora 
presents a continuum, 11 vJ i th the plant li fe of one area bl e nding impercept -
ibl y with tha t of contiguous area s , thi s including vege tation at all 
l atitudes ." Within this continuity framewo r k, however, the r e may be 
areas of sufficient similarity to war rant being designated as a class. 
The fu tili ty of argument about the real nature of vegetation is 
brought out in a s tudy carried out by Williams et al. (1966). The 
dif ferent " similar ity methods " tried by them on exactly the same se t of 
data showed every gradation between excess i ve cha ining and fairly 
symmetrical groupings. 
Diffe r ent methods of communit y classification are being recognized 
as va lid for particu l ar purposes (El lenberg , 1957; Whittaker, 1962). 
Diverse approaches may to some ex t en t complement each other. Whittaker 
(1 962) suggests that the efforts to improve class if ication should be 
directed l es s toward standardization and the ques t for ob j ect ivity 
than toward as realist ic an under standing of the proc es s of classifica-
tion and its r e lation to the properties of communities as possible. 
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DESCRIPTION OF THE AREA 
Location 
The study area is l ocated near Cisco in Grand County, southeastern 
Utah (Figure 1) . The t won is situated at latitude 38° 58', longitude 
109° 19' and an e levation of 4,330' . 
The northern l imit of the s tud y area is U. S. Highway 6; the eastern 
and southeastern boundaries are provided by Cisco Wash and Sagers 
Wash r e spectively. The area fo rms part of the northern desert shrub 
vegetation (Shantz and Raphael, 1924), dominated by a matr ix of different 
species of the genus Atriplex. The tota l are a sampled for the present 
study is approximate l y 13.5 square miles. 
Topography 
The area lies in the rugged, ar id, and sparsely populated region 
near the northe rn and eastern margin of the Canyon Lands subdivision of 
Colorado Plateau (Figure 2) (Fenneman, 1928). The relief is gentle and 
rolling, and the elevation var i es from 4,183 feet to 4,492 feet, which 
is low as compared to other parts in Colorado Palteau. 
Cisco Wash and Sagers Wash are two intermittant streams that arise 
in the Book Cliffs to the north and flow southeastward in broad, sha ll ow 
trenches to u l timately drain into Colorado Rive r which is the mas ter 
s tream of th e region. 
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Figure 2 . Index ma p of Colorado Plateau (from Fenneman, 1928). 
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Colorado Plateau is different geologically from neighboring pro-
vinces (Hunt, 1956). Some easily noticeable distinguishing character-
istics are the approximately horizontal rocks, high elevations (no 
considerable portion of i t is l ower than 5,000 feet), and its canyons 
(Fenneman, 1931) . Subdivisions within the Plateau are based on geomor-
phic differences like altitude and extent of dissection. 
The Canyon Lands subdivision was upwarped epeirogenically and has 
drainage deeply incised in canyons in pre-tertiary rocks (Hunt, 1956). 
Mancos shale forms the lower or buttressing part of the Book Cliffs and 
of the wide expanse of lowland or "flat" extending some miles to the 
south (Fisher et al ., 1960). The formation belongs to Upper Cretaceous 
a nd consists large ly of wel l-bedded argillaceous sandstone and grey 
limestone (Dane, 1935). 
Broad ped i ments, originating from the Book Cliffs and having gentle 
s lopes, are the main landscape. There is diversity of opinion as to the 
mechanism operative in the evolution of such landforms. King (1953) 
believes that pediments are the fundamental landforms to which epigene 
landscapes tend to be reduced the world over . In the evolution of land -
forms, King considers four elements that may occur on a hillside slope 
and names them, from the top: the wax ing slope, the free face, the 
detrital slope and the waning slope or pediment. The most active 
element s are believed to be the free face and the debris slope. The 
parallel retreat of hil lslope, fundamental t o pedip l anation, as opposed 
to peneplanation, in King's opinion, is aided by high relief, tending to 
maintain a clear free fac e and a debris slope, resisting formations tend-
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ing to make cliffs, horizontal structure in sedimen tary rocks, and 
generation original ly as a tectonic scarp. Most of these conditions are 
met with in the Book Cliffs. Mass-wasting is the main process on the 
mountain face; thi s face collects runoff which is delivered below. 
The transport of debris, accumulated at the bottom, occurs on the 
waning slope, or pediment, solely through water action. 
The geologic ev idence suggests that the area was subjected to many 
cycles of erosion in which the differential action of the varying amount 
and velocity of running water, discharged from the Book Cliffs, resulted 
in low mesas and surface deposits of gravels and boulders of various 
sizes. Such modif ications in the land scape , and stream diversions, were 
regulated by climatic changes (Clark, 1928; Darton, 1920; Rich, 1935). 
Similar evidence is reported in other areas (Baker, 1946; Dane, 1935; 
Fisher, 1936; Fisher et al., 1960; Gilluly, 1929; McKnight, 1940; 
Spieker, 1931). 
A geo logic section of rock formation and outcropping in the study 
area is described by Ibrahim (1963). Mancos shale, the Upper Cretaceous 
lithologic unit , was considered to be of three sub- portions, which from 
bottom upwards are: (1) lead - gray marine fossiliferous shale, (2) buff 
thin- bedded sandstone and sandy sha l e (Ferron sandstone member), and 
(3) lead - gray m~rine shale. Overlain by an unconformity, the Mancos 
is capped by Quaternary (P l eistocene?) alluvial fan deposits becoming 
shallower with increasing distance from the Book Cliffs and recognizable 
at three levels (Figure 3) (Dane, 1935; Fisher, 1936; Ibrahim, 1963). 
Recent Quaternary alluvium occurs along stream courses . 
The pediment thickness and Quaternary remnants thin out to the 
south of ~he Book Cliffs. The outcropping of Mancos shale is much fretted 
Figure 3. Pediment remnan t s and Quaternary deposits. 
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and pitted by rain, resulting in a cracked and fiss ured layer of tough 
str uc tureless clay of a few inches to severa l feet in thickness (Erdmann, 
1934) . The ma terial is almost imperv i ous and allows wa t e r t o penetrate 
only a f raction of a foot when wet (Fi sher et al., 1960). 
The arid climate of sou theastern Utah is accentuated in the Canyon 
Lands sec tion due to low elevation, distance from the e quator, and loca-
tion with respect to average storm paths. In eas tern Utah, Alter (1941) 
showed annual precipitation to be 7.54 inches a t 6 salt desert shrub 
stat i ons. The average annual prec ipitation at Cisco is approximately 
inches (Tab l e 1) . 
A wide dai l y and annual fluctuation occurs in temperatures; the 
highest and lowest recorded at Cisco in 1965 were 103° and - 5° F. The 
day time t e mpera t ures show an abrupt climb aft er sunri se and nights cool 
off rapidly af ter sunse t. The d i urnal variation is l ess in winter than 
in summer. Ju l y is the hottest month wi th August following close l y . 
Coldes t t~peratures are generally recorded in the month of January. 
The summe r thunderstorms are usually associated with moistur e -laden 
air masses moving in from the Gul f of Mexico (Brown, 1960). Though 
usually of shor t duration, and covering small areas, such storms are 
of ten exceedingly intense . Most of the pre cipitation, however, comes in 
winter in the fo rm of snow. October receives the highe st rainfall, 
\vhile June and July ar e the driest months. 
Large surfaces of bare r ocks and intense local storms t end to 
accelerate conditions for peak runoff. A particular dry stream may be 
Tab l e 1. Temperature and precipitation data for Cisco, Grand County, Utah, 
Climatic 
factor J F M A M J J A s 
Precipitation 
inches .64 . 61 .59 .63 .57 .29 .37 .31 .66 
Average 
minimum (°F) 9.1 17.8 23 .4 33.7 44.2 51.7 60.2 58.2 47.2 
Average 
max i mum (°F) 37.7 44.9 50.0 68.7 81.0 91.9 98.8 94.8 85.2 
Ave r age 
temperature 
(oF) 23.4 31.4 36 . 7 51.2 62.6 71.8 79.5 76.5 66.2 
1953-65 
0 N 
. 79 .65 
35.2 21.3 
72.3 52.1 
53.8 36.7 
D 
.37 
13 . 2 
39.9 
26.6 
Annual 
6 .48 
N 
U> 
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transformed into a raging torrent several feet deep wi thin a few minutes 
(Dane, 1935). 
The maximum 24-hour precipitation, based on 15 years of record, 
was shown by Jennings (1952) as fol lows: 
Station Ci sco 
January 1.00 
Februar y 0.70 
March 0.75 
April 0.80 
May l. 05 
June 0.50 
July 1.10 
August 0. 70 
September: l. 00 
October 1.00 
November 1.00 
December 0.90 
A wide variation in the monthly and annual precipitation i s ev ident 
from t he departures from normal (Table 2) . 
Soils of the shadscale zo ne are of t e n heterogene ous within short 
distances (Ga tes et al . , 1956) . Soi l s may or may no t have a hardpan; 
carbonates usually accumu l ate near the surface (Kearney et al., 1914; 
Shantz and Piemeisel, 1940; Stewart et al. , 1940). 
The soils of the s tud y area have characteristic s of Sie rozem zonal 
soils (Aridisols). The parent mater ials f or these soils are of sedimen-
Table 2. Monthly and annual precipitation, in inches , at Cisco with departures from 1953-65 average 
Jan . Feb . Mar. AEril May June July 
pa Do p D p D p D p D p D p D 
1962 .15 -.49 1. 31 +. 70 .05 -.54 .62 - . 01 .00 -.5 7 .77 .48 .00 - . 37 
1963 .45 -.19 .05 -.56 . 39 - .20 .34 - . 29 T - .57 .46 :;: . 17 T - . 37 
1964 . 40 -. 24 . 00 -. 61 .29 - .30 .85 + . 22 .41 - .1 6 . 05 - . 24 .82 + .45 
1965 . 34 -. 30 . 18 -. 43 . 64 +.05 1. 78 +1.15 1. 25 + . 68 1.47 +1.18 1.72 +1.35 
Aug. Se2t. Oct. Nov. Dec. Annual 
p D p D p D p D p D p D 
1962 T - .3 1 1. 55 +. 89 .94 + . 15 .40 - . 24 .41 +.04 6.20 - . 28 
1963 1. 64 +1. 33 .15 - .51 .53 - .26 . 00 - . 65 .00 - .37 4 . 01 - 2.47 
1964 .71 + .40 . 67 +.01 . 00 - .7 9 .57 - . 08 .30 -.07 5.07 -1. 41 
1965 . 74 + .43 .81 +.15 1. 68 +. 89 1. 70 +1.05 1.14 +. 77 13.45 +6 .97 
ap denotes precipitation. 
bD denot es depart ure from average precipitation. 
N 
" 
28 
tary origin (Mancos shale) or alluvial outwash from adjacent mountain 
slopes. Profile descriptions of the soils under different vegetation 
types are provided by Ibrahim (1963, p. 97). 
Vegetation 
The prominent species for northern desert shrub vegetation (Shant z 
and Raphael, 1924) is sagebrush. Pinon and juniper occur at higher 
altitudes and occupy the shallow, rocky areas. The low elevation areas 
s upport a sparse cover of var ious species belonging to the genus 
Atriplex (Figures 4 to 8). 
The shadscale zone vege tation, also called salt desert shrub, 
extends over approximately 40 million acres , mainly in the southern and 
southwestern parts of the Intermountain region (Clements, 1920; Fautin, 
1946; Graham , 1937; Price e t al., 1948). Isolated islands of the zone 
occur in eastern Oregon, southern Idaho, and southwestern Wyoming 
(Bleak e t al . , 1965). 
The salt desert shrub in Utah occurs at elevations of 3,700 to 
5,700 feet in areas with annual preciPitation of 4 to 10 inches. It 
occupies extensive areas in the Great Basin (wes t desert), east 
dese rt, and the Uinta Basin. 
Many vegetation types have been recognized with particular refer -
ence to soi l relationships (Billings, 1945, 1949 ; Faut in , 1946; Flowers, 
1934; Gates et al., 1956; Kearney et al., 1914; Mi tchell et al., 1966; 
Shantz, 1925; Shantz and Piemeisel, 1940; Vest, 1962). Such t ypes are 
dominated by widely spaced shrubs; the ground cover due to shrubs often 
being less than 10 percent with interspaces usually bare or covered 
with a rock pavement (Bleak et al., 1965). 
Figure 4. Vegetation along Segment I of erosion gradient, dominated by Atriplex confertifolia. 
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Figure 5. Vegetation along Se gment II of erosion gradient, dominated by Atriplex nuttallii 
nuttallii. w 
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Figure 8. Ecotone between Segments I and II of erosion gradient, showing abr upt change in 
vegetation. Line connecting A and B shows a portion of the ecotone. 
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The dominant species of the study area and vicinity are s hadscale 
l (Atriplex confertifolia), sa ltbus h (Atriplex nuttallii nuttallii), 
salts age (Atriplex nuttall i gardneri), mat saltbush (Atriplex corrug-
ata), 1voody aster (Aster xylor hiza), and galleta gras s (Hilaria jamesi i). 
The associate spec ies are bud sagebrush (Artemisia spinescens), slender 
buckwheat br ush (Eriogonum mic r o thecum), winter fa t (Eurotia lanata), 
lancelea f ye llowbrush (Chrysothamnus viscidiflorus), little leaf horse-
brush (Tetradymia glabrata), prickly pear (Opuntia polyacantha), scarlet 
globe mallow (Sphaeralcea grossulariaefolia), Indian rice grass 
(Oryzo psis hymenoides), and squirrel t ai l (Sitanion hystrix). 
1 
Scient ific names us e d in the text are according t o Harrington 
(1964). Scientific and common names of the species encountered in 
the s tUdy area are listed in Appendix I where an authority for a name 
i s a lso provided. 
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FIELD METHODS AND PROCEDURES 
Previous Study 
A previous synecological study was carried out in the study area 
by Ibrahim (1963). He delineated four communities namely, the assoc-
iations of shadscale - galleta grass (Atriplex confertifo lia-Hilaria 
jamesii), saltbush-galleta grass (Atriplex nuttallii nuttallii-Hilaria 
jamesii), salts age-woody aster (Atriplex nuttallii gardneri-Aster 
xylorhiza), and mat sa l tbush (Atriplex corrugata) community . These 
communities were found to be related to the retrogressional processes 
to which the pediment remnants and the Mancos bedrock shale had been 
subjected through the different cycles of soil erosion. 
Ibrahim found that the pediment remnants are vegetated by the 
assoc i ation of shadscale-galleta grass (Atripl ex confertifolia-Hilaria 
iamesii) and the eroded sites of the pediment remnants are occupied by 
the saltbush-ga lleta grass (Atriplex nuttallii nuttallii-Hilaria jamesii) 
association. Where the pediment remnants are completely eroded away 
and the Mancos shale is exposed a t the surface, the previous association 
is replaced by the sa ltsage-woody aster (Atriplex nuttallii gardneri-
Aster xylorhiza) association. The alluvial fan deposits, from the sites 
occupied by the previous three associations, are vegetated by the mat 
saltbush (Atriplex corrugata) community. 
A number of soil characteristics were studied, namely, particle - size 
distribution, bas e exchange capacity, amount of exchangeable sodium, pH 
(paste), pH (1:5) , amount of total soluble salts, lime percentage, 
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saturation extract conductivity, amount of exchangeable potassium, and 
moisture content. Most of these characteristics were not s i gnif icantl y 
different between locations in each association, except the mat saltbush 
(Atriplex corrugata) community. This was considered to be an evidence 
of the homogenei ty of soils occupied by the same associations. Soils 
under the mat saltbush (Atriplex corrugata) community were not as homogen-
eous as those under the other three associations . 
The vegetation characteristics studied were density, frequency , 
basal cover, and canopy cover for each species . The intimate relation-
ships between edaphic factors and vegetation were established and it was 
concluded that, on the basis of vegetation and s~il information obtained 
from the study area, four habitat types could be recognized eas ily 
throughout the entire shadscale zone of the Canyon Land s subdivis i on 
of the Colorado Plateau province in southeastern Utah. 
So ils under various conmmnities 
The soils under the four communities were summarized as follows by 
Ibrahim (1963): 
1. Atriplex confertifolia-Hilaria jamesii association . 
Coarse-textured soils, indicating that the association is adapted 
to so ils of l ow water holding capac ity. Soils were non-alkali through-
out the soil profile. The sur face 2.5 feet were non-saline but depths 
lower than this were saline. A distinct lime zone, 9 to 16 inches 
thick, was noticed at 1.5 t o 29 inches below the soil surface. 
2. Atriplex nuttallii nuttallii -Hi laria jamesii association. 
Soils loamy and non-alkali thro.ughout the soil profile; non-saline 
in the surface 15 inches but saline at greater depths. A gyps iferous 
horizon, 7 to 17 inches thick, was noitced from two to four inches 
below the soil surface. 
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3. Atriplex nuttallii gardneri-Aster xylorhiza association. 
Fine-textured soils, non-aklaki throughout the soil profile. Non-
saline in the first foo t but saline at greater depths . 
4. Atriplex corrugata community. 
Heavy-textured soils, saline-alkali throughout the soil profile. 
The salinity and the amount of exchangeable sodium in the surface 5 
inches show a slight variability. 
Field Methods 
Selection of stands 
A preliminary survey or r econnaissance on the basis of abundance 
and prominence of species preceded the classification determined by 
Ibrahim (1963). Nine permanent sampling stations were randomly selected 
within the four vegetation types with the help of aerial photos. The 
design was randomized in each stratification through a random selection 
of initial points (Good win, 1964). At each location two transects were 
run in random directions. 
It was decided that the present study be confined to the same set 
of locations that had been used in the previous analysis. This was 
considered desirable in view of the comparative nature of the contem-
plated vegetation analyses. The procedure also seemed to offer the ad -
vantage of minimizing the variation likely to be introduced in the study 
due to the general lack of truly replicate samples in vegetation popu l a -
tions. A chi-square test was applied in each segment to the frequency 
perce nt values of dominant species provided by Ibrahim ( 1963) and it was 
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found (Table 3) that the vegetation was homogeneous (P < .05) in terms 
of the dominant species included in the test. The dominent shrub species 
only occasionally extend from one segment to the other and chi-square 
values are highly s i gni ficant when based on the entire area. This 
further strengthened the argument in favor of strati f ication ultimate l y 
adopted in the present study. 
It was noticed that some minor disturbance had been caused to some 
permanent plots and therefore on l y 8 locations (Figur e 9) were included 
from each stratification in the present vegetation analyses. 
To provide precise measurement of all spec ies in stat istical sampl-
ing is beyond practical attainment (Curtis, 1959) . The adequacy of 
trans ects in each segmen t was determined by studying the transect: 
species relationships shown in Table 4 . Transects were added in increas-
ing number to determine any corresponding increase in the number of 
species. No further increase in the number of new species occurred 
after the total trans ec ts mentioned below had been considered : 
Segment I: 10 transects; Segment II: 13 transects; 
Segment III : ll transects; Segment IV: 13 transects. 
The 16 trans ects sampled at 8 locations in each segment were, therefore, 
considered to be adequate. 
Collec tion of data 
Afte r the stands have been selected , the next difficult question 
that faces the eco l ogist is the choi c e of the shape and size of the 
quadrats to be used for sampling . The non-random nature of the s patial 
distribution of plant populations c aus es most of the problems. Many 
species may be aggregated (over -dispersed) because of vegetative repro-
duction or being ill-equipped for seed dispersal. Further, some species 
Table 3. Chi - square test appli ed to the frequency data of Ibrahim (1963) to determine uniformity of dominant 
species in the four segments 
e Dominant soecies 
I. Atriplex confertifolia Atriplex confertifolia 
-Hilaria J ames~l 
I I . Atriplex nuttallii 
nut tallii -Hilaria 
jamesii 
III. Atriplex nuttall i i 
gardneri-Aster 
xy l orh"iza 
IV. Atriplex corrugata 
Hilaria jamesii 
Atriplex nuttallii 
nuttallii 
Hi l aria jamesii 
Atriplex nuttallii 
gardneri 
Aster ··xylorhiZa 
Atri plex cor ruga t a 
Chi-
sauare d . f. 
3.47 
3 . 56 
14 .02 
14.98 
3.34 
4.15 
0 
8 
8 
8 
8 
8 
8 
p 
0.90 - 0.951Deviation 
0 . 80 - 0.90 Heterogeneity 
Total 
0.05-0.lO IDeviation 
Chi-
sauare d.f. 
3.82 
4 . 21 
7.03 
5.94 
8 
8 
16 
8 
0.05-0.lOIHeterogeneity 23.06 8 
Total 29 . 00 16 
0.90- 0.95 1Dev iation 
0 . 80-0.90 1He terogeneity 
Total 
5.95 
1. 54 
7 . 49 
8 
16 
p 
0.80-0.90 
0.80-0.90 
0.95 - 0 . 975 
0.60 - 0.70 
0.001 - 0.005 
0.01 - 0.025 
0.60-0.70 
0.99-0.995 
0.95 - 0 . 975 
w 
"' 
err-s 
II-2e\~~~ 
II-4 e 
e i-a 
e i-4 
e i-3 
.Jr-6 
m-ae el!I-7 
e llH 
e l-7 
l-6· 
li-7. . l[-1 
en-1 eJ-1 
.-m-4 . w-e 
m - se 
N-•• . nr-3 
el!I-6 
eN-7 
em-2 
e rl-4 
. ][-8 
Figure 9. Sampling locat ion s in the four segme n ts. 
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Table 4. Transect: species relationships along different segment s of erosion gradient 
Se gment I Segment II Segment III Segment IV 
.......! ...... ...... ...... 
...... <lJ m ....-~ w ~ ,..... w m ...... Ill m 
4-< ctl Ul I .j..l 1.1--1 \'il t/.1 I .j.J U-1 ("'j fJl I .U '-1-1 rei Ul I .U 
0 .u tt!OJO 0 .u <UaJO 0 .u n:IQ.JO 0 .u cGQ.lO 
U) 0 QJ~.U Cl) 0 QJ)..I.U (f) 0 Q))..l.j.J Ul 0 OJ I-I.U 
$-lQ) .U)..I )..10. )..IQ) .U)..I )...10. )..l(lJ .W)..I )..10. )..IQ) .U)..I )..10. 
Total number ~ ·~ '*-~ ~ g !-1 ~ ~ '0 u.... ~ g )..I ~ ~ ·~ 44 ~ g k ~ ~ ·0 4-l ~ g !-1 ~ 
of transects 3 ~ 0 3 ·.-l ~ .3 § ~ 0 3 ·r-l ~ .3 ~ :g_ 0 5 . ..-~ ~ .3 3 ~ 0 5 · r-4 ~ .3 
(cumulative) z en c;..e c ~ o ::> z en ;;-e !: ~ o :> z (I) ~ c:: ~ o :> z Cll ~ ~ ~ o > 
10 50.0 7 30.4 6 46.2 -- 3 27.3 
2 10 50.0 0.0 12 52.2 71.4 7 53 . 8 16.7 3 27.3 0.0 
3 13 65. 0 30.0 14 60.9 16.7 8 61.5 14.3 5 45. 5 66 . 7 
4 14 70.0 7.7 14 60.9 0.0 10 76.9 25 . 0 6 54 . 5 20.0 
5 15 75.0 7 . 1 16 69.6 14.3 10 76.9 0.0 8 72 . 7 33.3 
6 16 80.0 6. 7 17 73.9 5.9 10 76.9 0.0 8 72 . 7 0.0 
7 18 90.0 12.5 l7 73 . 9 0.0 10 76.9 0.0 8 72.7 0 . 0 
8 19 95.0 5.6 20 87 . 0 17.6 10 76.9 0.0 8 72 . 7 0.0 
9 19 95.0 0.0 20 87.0 0.0 11 84 . 6 10.0 8 72.7 0 . 0 
10 20 100.0 5.3 20 87.0 0.0 11 84.6 0.0 8 72.7 0.0 
11 20 100.0 0.0 21 91.3 5.0 13 100.0 18.2 9 81.8 12.5 
12 20 100 .0 0 . 0 21 91.3 0.0 13 100.0 0.0 10 90.9 11.1 
13 20 100.0 0.0 23 100.0 9.5 13 100.0 0 . 0 11 100.0 10.0 
14 20 100. 0 0.0 23 100.0 0.0 13 100.0 0.0 11 100.0 0.0 
15 20 100.0 0.0 23 100.0 0 . 0 13 100.0 0 . 0 11 100 . 0 0.0 
16 20 100 . 0 0.0 23 100.0 0.0 13 100.0 0.0 11 100.0 0.0 
..,.. 
,.... 
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may be randomly distributed in one habitat and over -dispersed in another, 
thereby making the mode of dispersion not only a function of the biological 
equipment but also of the habitat (Ashby, 1948). Most of the environ-
mental factors that influence the distribution of plants are not randomly 
distributed in time and space; their effect, in general, varies from 
place to place in any given area (Greig-Smith, 1964). However, their 
i mpac t i s likely to be uniform when dealing with environmental condi-
tions over relatively small and similar areas. 
The determination of the most appropriate shape and size of the quad-
rat to be used in sampling vegetation has been widely discuss ed in 
ecological literature . The diversity of the different approaches in 
itself reflects the complexity of the vegetation populations. 
Sampling efficiency equat i ons can help determine the most appropriate 
quadrat size for sampling of a single species in various stands; however, 
the problem is statistically and ecologically complicated when all species 
in a community or layer thereof are to be sampled with a single quadrat 
size (Hyder et al., 1963) Some concessions are inevitable because 
any quadrat size will sample some species or size-age class pattern 
of that species more adequately than others. 
The method used in collection of data for the present study was that 
recommended by Daubenmire (1959) for sampling low-lying vegetation, not 
exceeding meter in height, and adequate to provide canopy cover and 
frequency percent va l ues for a wide variety of vegetation types within 
this height. A rationa l e of the s t at i stical reliabili t y and practica l 
applicability of this method is presented in detail by Daubenmire (1959). 
The data were collected from August 14 t o September l, 1962. By 
this time optimum development of most plants had occurred, thereby 
43 
min i mizing differences in successive replications due to vegetation growth. 
The relatively short period of sampling further minimized the variation 
due to growth. Ibrahim collected his vegetation data from July 23 to 
August 8, 1959. The differences in the details of vegetation data collec-
ted at the two times are due to differences in climate, successiona l 
changes and sampling variation. Hmvever, the overall differences due 
to these causes are minor as wi ll be pointed out in the discussion of 
results. At each location t'tvo transects, 100 ft. in length, were 
stretched bet'tveen points in random directions. The data on canopy cover-
age-- 11the most important single parameter of a species in its conununity 
relations" (Lindsey , 1956)- -were recorded by using a plot frame made 
to the specifications suggested by Daubenmire. The plot frame consisted 
of 3/16 inch s tee l with inside dimensions 20 x 50 em, legs abou t 2 em 
long at each corner, and painted to indicate quarters with s ides of a 
square 71 x 71 mm indicated in one corner. Ttventy plots per transect 
were read in the manner outlined by Daubenmire. The canopy cover was 
considered as the "percentage of ground covered when a polygon drawn 
about the extremities of the undisturbed canopy of each plant is projec-
ted upon the ground, and all such proj e ctions on a given area are summed." 
The rel a tively small size of the plot was considered satisfactory 
because it was compensated for by the large number of s amples take n at 
a given location. A series of small plots, on equal area basis, is more 
efficient than large plots (Kempthorne, 1952). Daubenmire (1959) reports 
considerable agreement among different ~;orkers to use plots about 1/10 
m
2 in contrast to earlier studies v1hen plot s smaller than x 1 m were 
never used. The use of systematic sub-samples to provide frequency 
percent es timates is discussed later in the thesis. 
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Canopy cover values were estimated and direct percent values for 
each species were recorded. The mean canopy cover values of species , 
calculated from the transect total in each segment, are listed in Table 
5. Mean frequency percent values of species in the four segments are 
g i ven in Ta ble 6. 
Ordination procedures 
The e rosion gradient in the area was used as the primary basis for 
ordination. The gradient represents differences in edaphic factors , and 
micro - environment, such as soil moisture, particle-size distribution, 
amount of exchangeab le potassium, base exchange capacity, amount of sol -
uble salts, saturation extract conduc tivi ty, lime percentage, and pH 
values. A differentiation into segments is also evident in the degree 
to which erosional processes have modified the land scape. The pediment 
remnants were termed Segment I, and the eroded levels of pediment remnants 
were successively cal l ed Segments II and III. The difference between 
segments II and III is that the Mancos bedrock shale is exposed to the 
surface in the latter . The alluvia l f an deposits from the previous 
three sites constitute Segment IV. The analysis of variance for the first 
three segments shows signi f icant similarity (P < .05 ), between locations 
in each segment, on the basi s of mos t of the above - mentioned character-
istic s. This homogeneity for var ious soil characteristics was not so 
obvious in Segment IV (Ibrahim, 1963) as the deposits here are derived 
from al l the three previous segments. 
An index based on the summation of relative canopy cover and rela-
tive frequency was calculated for all species. Although such combina tions 
should be used with discretion (Anderson, 1963; Gre i g -Smith, 1964), the 
measures of frequency and cover alone are inadequate and may not fully 
Table 5. Average canopy cover of species for the four segments of erosion gradient 
I II III IV 
% compo - % compo- % compo- % campo -
Total sition of Total sition of Total sition of Total sition of 
canopy canopy canopy canopy canopy canopy canopy canopy 
s2ecies cover cover cover cover cover cover cover cover 
Atriplex corrugata 7. 77 95.35 
Atri2lex nuttal1ii 
gardneri l. 70 55.56 
Atriplex confertifolia 2.90 30.72 0 . 03 0.23 
Atriplex nuttal1ii 
nuttall ii 3.48 27.08 0.03 0. 98 
Eriogonum microthecum 0 . 03 0.23 0 . 19 6.21 0.01 0.12 
Artemisia spinescens 0.01 0.08 0 . 08 2.6 1 0.01 0.12 
Eurotia lanata 0.01 0.11 0.13 l. 01 0.02 0.65 
Chrysothamnus viscidi-
florus 0 . 10 1.06 0 . 01 0.08 
Tetradymia gl abrata 0.06 0.47 
Opuntia polyacantha 0.42 4.45 0.01 0.08 
Aster xy l orh iza 0.09 0.95 0.01 0.08 0 . 48 15.69 0 . 03 0.37 
Sphaer alcea gr ossuloriae -
folia 0.03 0.32 0.28 2.18 0.01 0 . 33 0 . 01 0.12 _,_ 
"' 
Table 5 . Continued 
I II III IV 
% compo - % compo- i'o Compo- % compo -
Total sition of Total s ition of Total sition of Total sition of 
canopy canopy canopy canopy canopy canopy canopy canopy 
SEecies cover cover cover cover cover cover cover cover 
Hilaria jamesii 3 . 74 39.62 4.01 31.21 0 . 05 l. 63 
Oryzopsis hymenoides 0.09 0 . 95 0 . 37 2.88 0.09 2.94 
Sitanion hystrix 0.01 0 . 11 
Bromus tectorum 0.50 5.30 l. 79 13.93 
Microseris nutans 0.69 7 .31 0. 73 5. 68 0.01 0.33 0.04 0 .49 
Eriogonum cernuum 0 . 03 0.32 0.08 0.62 0.35 11.44 0.01 0.12 
Lappu l a redowski 0.05 0.52 0. 77 5.99 0.03 0.98 0.05 0.61 
Malcolmia afr i cana 0.22 2.3 2 0.39 3.04 0.02 0.65 0.14 l. 72 
Planta.s.£ tweedyi 0.18 l. 91 0.22 l. 71 
Salsola kali 0.18 l. 91 0.12 0.93 0.04 0.49 
Leipdium densif l orum 0.07 0.74 0. 21 1.63 
Descurai nia sophi a 0.09 0 . 95 0 . 10 0. 78 
-
0. 04 0.49 
Haloge t on glomeratus 0 . 03 0 . 32 0.01 0 . 08 
Sisvmbr i um off i c i nalis 0 . 01 0 . 11 
..,. 
"' 
Table 5. Con t inued 
I II III IV 
?o c ampo - io Compo- io campo- i'o campo -
Total sition of Tota l sition of Total sition of To t al sition of 
canopy canopy canopy canopy canopy canopy canopy canopy 
SEec ies cove r cover cover cover cover cover cover cover 
Shrubby plants 3.01 31.88 3 . 75 29 . 18 2.02 66.01 7.79 95.58 
Succu l ent s 0. 42 4.45 0 . 01 0.08 
Per enn i a l grasses 3. 84 40 . 68 4.38 34 . 09 0.14 4.58 
Perennia l forb s 0 .12 1. 27 0.29 2.26 0 . 49 16.01 0.04 0.49 
Annua l s 2 . 05 21. 72 4 . 42 34. 39 0. 41 13. 40 0 .3 2 3 . 93 
Tota l 9 . 44 100.00 12.85 100.00 3 .06 100.00 8.15 100 . 00 
~ 
Table 6. Average frequency (percent) of species in the four segments of erosion gradient 
Species 
Atriplex corrugata 
Atriplex nuttallii 
gardneri 
Artemisia spinescens 
Atriplex nuttallii 
nuttallii 
Eriogonum microthecum 
Atriplex confertifolia 
Eurotia lanata 
Chrysothamnus viscidi -
florus 
Tetradymia g1abrata 
Opuntia po l yacantha 
Aster xy1orhiza 
Sphaeralcae grossulariai -
folia 
Hilaria jamesii 
II III IV 
Mean Relative Mean Relative Mean Relative Mean Relative 
frequency frequency frequency freq uency frequency frequency frequency frequency 
% % % % 
0.63 0.34 58.13 72.93 
33.44 33.02 
0.31 0.17 3.75 22.84 0.31 0.39 
35.00 19.05 1. 25 1. 23 
4.06 2.21 8.13 8.03 0.31 0.39 
27.81 12.73 0.94 0.51 
0.31 0.14 2.50 1.30 0 . 31 0.31 
1. 25 0.57 0.31 0.17 
0.94 0.51 
3.75 1.72 0.31 0.17 
4.69 2.15 1. 25 0.68 22.50 22.22 1.56 1. 96 
2.50 1.14 5.94 3.23 0.63 0.62 0.31 0.39 
55.63 25.47 46.88 25.51 0. 94 0.93 
"' 00 
Table 6. Continued 
I II III I V 
Mean Relative Mean Relative Mean Relative Mean Relative 
frequency frequenc y f requency frequency frequency frequency frequency frequency 
S ecies % % % % 
Oryzopsis hymenoides 2.50 1.14 6 .25 3 .40 3.44 3.40 
Sitanion hystrix 0.31 0.14 
Microseris nu t ans 38 . 13 17.46 13.13 7.15 0.31 0.31 3.44 4.32 
Mal c olmia africana 15.63 7.15 6 . 56 3 . 57 l. 25 1. 23 5.94 7 .45 
Bromus t ec tor um 22.50 10. 30 14 . 68 7.99 
Lappu1a redowski 3 . 75 1. 72 14.69 7 . 99 2.19 2.16 3.75 4.75 
Plantago tweedyi 15. 00 6. 87 15.00 8 .16 
~ka1i 7.81 3.58 11 .88 6.47 3.13 3 . 93 
Descurainia sophia 6.56 3 . 00 0.31 0.17 2. 19 2.75 
Eriogonum ~ 2.19 1.00 0.63 0.34 23 . 13 3.70 0.63 0 .7 9 
Le pidium densif1orum 5. 63 2 .58 1.25 0.68 
Halogeton g1omeratus 2. 19 1. 00 0.31 0.17 
Sisvmbrium officinali s 0 . 31 0.14 
..,_ 
>D 
Tab l e 6. Continued 
S ecies 
Shrubby plants 
Succulents 
Perennial grasses 
Perennial forbs 
Annua l s 
Total 
I II III IV 
Mean Relative Mean Relative Mean Re lative Mean Relative 
frequency frequency frequency frequency frequency frequency frequency frequency 
% % % % 
29 . 37 13.44 44.69 24.32 46 . 88 46 . 29 58.75 73.71 
3 .75 1.72 0.31 0 .17 
58. 44 3 . 29 53 . 13 28 .91 4 . 38 4.33 
7. 19 26 . 75 7.19 3 .91 23 . 13 22.84 1. 87 2.35 
119 . 70 54 . 80 78.44 42.69 26.88 26 . 54 19.08 23.94 
218 . 45 100.00 183 .76 100 .00 101. 27 100.00 79 . 70 100.00 
"' 0 
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account for the performance of the plants concerned when considered 
sing l y. The combination of the t wo provides an integrated measure 
of the contribution of each species in the vege t a tio n. The combined inde x 
is referred to as CF index . The use of re l a tive values was preferred 
to the abs olute; in most ana l yses the r e lative has wid er app lication 
than the abso l ute comparison. 
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TREATMENT OF DATA AND RESULTS 
Distribution of Raunkiae r' s Life Forms 
The species in the four segments of the erosion gradient were clas-
sified according to Raunkiaer ' s life-forms (Raunkiaer, 1934). This 
categorization depends on the position of the perennating bud during 
the winter, or dry period, and is independent of the taxonomic consider-
ations. The comparative distribution along the four segments is listed 
in Table 7. 
The number and composition of species vary in each segment as also 
the depth of soil profiles and the thickness of surface horizon. 
Therophytes are most abundant; starting from the maximum number in 
Segment I, they show continuous decline in Segments II and III, and 
again a rise in Segment IV. 
Greatest number of hemicryptophytes occur in the first segment; 
it declines gradually over other segments. The number of chamaephytes 
remains constant in all segments. The phanerophytes s h ow a rise in 
S egment II but decrease in the remaining segments. Much of the decrease 
in the abundance of different life-forms in the last two segment s of the 
erosion gradient is direct consequence of an overall reduct i on in the 
total number of species. 
Prevalent Species 
The prevalent species are those that are more likely to be encount -
ered in a community than o ther species. Prevalent species, therefore, 
Table 7. Distribution of growth forms and Raunkiaer 's life forms in 
different segments of eros ion gradient 
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provide a good indication of species likely to be of major influence in 
a community. 
Prevalent species were determined for each segment. The species 
density was obtained by summing the pres ence percentage of all species 
of each segme nt and dividing the sum by 100 (Raunkaier, 1934). The 
s pecie s were arranged in the decreasing order of their presence values 
and the highest ranking species equal in number to the species densi t y 
we re selected as prevalent species. The prevalent species of each 
segment are listed in Table 8. 
The number of prevalent species is the largest in Segment I; the 
number declines gradually in other segments. Such species of major 
influence in the four segments total 9, 8, 5 and 3 respectively . 
The prevalent species, exclud ing annuals, are as follows for the 
four segments: 
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Table 8. Prevalent species in different segments of erosion gradient 
Average Segment of 
erosion 
gradient 
Constancy frequency 
Prevalent species (percent) (percent) 
I Atriplex confertifolia 100.0 27.8 
Opuntia polyacantha 50.0 3.8 
Hilaria james ii 100.0 55.6 
Microseris nutans 100.0 38.1 
Plantago tweedyi 81.3 15.0 
Bromus tectorum 62.5 22.5 
Malcolmia africana 68.8 15.6 
Descurainia sophia 50.0 6 . 6 
Lepidium densiflorurn 50.0 5.6 
II Atriplex nuttallii nuttallii 100.0 35.0 
Sphaeralcea grossulariaefolia 62.5 5.9 
Hilaria iamesii 93.8 46.9 
Oryzo12sis hymenoides 43.8 6.3 
Microseris nutans 87.5 13.1 
b~Jl..llla redowski 68.8 14.7 
Plantago tweedyi 62.5 15.0 
Malcolmia africana 62.5 6.6 
III Atr1olex nuttall1i gardneri 100.0 33.4 
Artemisia spinescens 37.5 3.8 
Aster xylorhiza 81.3 22 . 5 
Eriogonum cernuum 68.8 23.1 
Lappula redowski 43.8 2.2 
IV Atriplex corrugata 100.0 58.1 
Malcolmia africana 50.0 5.9 
Lappula redmJski 31.3 3.8 
I . Atriplex confertifolia; Opuntia polyacant ha; Hilaria jamesii. 
II. Atriplex nuttallii nuttallii; Sphaeralcea grossulariaefolia; 
Hilaria iamesii; Oryzopsis hymenoides. 
III. Atriplex nuttallii gardneri; Artemisia spinescens; Aster 
xylorhiza. 
IV. Atriplex corrugata. 
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The constancy and average frequency percent values of these species 
show that the perennial s pecies, especially the cover dominants, are 
generally of prime influence in the four segments. 
Modal Species and Fidelity 
Prese nce percentage of species in the four segments wer e calculated 
and modal species--species attaining maximum presence value in a segment 
--were dete rmined for each segment of the erosion gradient as shown in 
Table 9. An asterisk mark, aft e r the name of the species, indicates 
that the modal species is also a prevalent species. The larges t number 
of modal species occurs in Segment I and decreases over the other grad-
ients, viz, 14, 6, 5 and 1 species respectively. 
Fide lity , as a phytosociological criterion, has been used in clas-
sification to express the re lative exc lusiveness of a spec ies (Dansereau , 
1957). Species of high f idelity occur only in a few or one kind of 
community and thos e with l ow fidelity are spread over a number of com-
munities. The vulnerability of the ''characteristic species " approach 
in clas sific ation of vege<ation has been expressed by Goodal l (1953, 
p. 41): 
.not only do Braun-Blanquet and his school se lect 
their areas for detailed study but their determination of 
characteristic species is also far from objective --ei ther 
being based on general previous experience or on inspection 
of the species lists from the various stands. I n orde r t o 
apply consistently such complex criteria of c lassi fication, 
not only i s random col l ec t ion of quadrat data called for but 
an objective method is nec essary for dealing with the data 
after co llection. 
Apart from the difficulties in object i ve determination of fidelity, 
there is also the inherent possibility of statistical er r or in interpre -
ting species of so rare occurrence . 
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Table 9 . Moda l s pecie s in the four segments of e rosion gradient 
Segment of 
e r o sion gradie nt 
II 
III 
IV 
*Indicates prevalent species. 
Modal species 
Atriplex confe rtifolia* 
Chrysothamnus viscidiflor us 
Tetradymia glabrata 
Opuntia po lyacantha·k 
Hilaria jamesii'>'r 
Sitanion hystrix 
Microseris nutans* 
Malco lmia africana"'"" 
Bromus t e e torum'>\-
~go tweed y i'' 
Salsola kali 
Descurainia sophia'>'-' 
Lepidium densiflorum* 
Halogeton glomeratus 
Atriplex nuttallJ2 nuttallii* 
Euro tia lanata 
~l;;~;Srossulariaefolia* 
Oryz ops is hymen6ides"~\" 
Lappula redowski""" 
Sisymbrium officinalis 
Atriplex nuttallii gardneri* 
Eriogonum microthecum 
Artemisia spinescens* 
Aster xylorhiza* 
Er iogonum cernuum-1~ 
Atriplex corrugata* 
The total number of segments of occurrence was determined for each 
species instead of assigning arbitrary fide l ity values (Table 10). 
Among the perennial species, Aster xylorhiza and Sphaeralcea grossulariae-
folia are species 'tvith wide eco logica l amplitudes; they occu r in all four 
segments. Artemisia spinescens, Eurotia lanata, Eriogonum micro thecum, 
Hilaria jamesii, and Oryzopsis hymenoides occur in three of the four 
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Table 10. Total number of the segments of erosion gradient in which 
species of the study area occur, along with their segment of 
modality 
Species 
Atriplex confertifolia 
Atriplex nuttallii nuttallii 
Atriplex nuttallii gardneri 
Atriplex corrugata 
Artemisia spinescens 
Eurotia lanata 
Eriogonum microthecum 
Chrysothamnus viscidi f lorus 
Tetradymia glabrata 
Opuntia polyacantha 
Aster xylorhiza 
Sphaeralcea grossulariaefolia 
Hilaria jamesii 
Oryzops is hvmenoides 
Sitanion hystrix 
Eriogonum cernuum 
Malcolmia africana 
Microseris nutans 
Lappula redowski 
Des curainia sophia 
Salsola kali 
Bromus tectorum 
Halogeton glomeratus 
Lepidium densiflorum 
Plantago tweedyi 
Sisymbrium officinalis 
Total number of 
segments of occurrence 
2 
2 
1 
2 
3 
3 
3 
2 
4 
4 
3 
3 
1 
4 
4 
4 
4 
3 
3 
Segment of modality I: 14 spec ies, II: 6 species, III: 
and IV: 1 species. 
Segment of 
modality 
II 
III 
IV 
III 
II 
III 
III 
II 
I 
II 
III 
I 
II 
I 
I 
II 
species, 
segments. Atriplex confertifolia, Atriplex nuttallii nuttallii, Atriplex 
corrugata, Chrysothamnus viscidiflorus, and Opuntia polyacantha are found 
only in two segments . The species confined to one segment only are 
Atriplex nuttallii gardneri, Tetradymia glabrata, and Sitanion hystrix. 
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The segment o f modality was assigned to each species . The perennial 
mod al species, according t o segments, are as fo ll ows : 
I. Atriplex confertifolia; Chrysothamnus viscidiflorus; Tetradymia 
glabrata; Opuntia po l vacan tha; Hilaria jamesii; Sitanion hystrix . 
II. Atriplex nuttallii nuttallii; Eurotia lanata; Sphaeralcea 
gross ulariaefolia; Oryzopsis hymenoides. 
III. Atriplex nuttallii gardneri; Artemisia spinescens; Eriogonum 
microthecum ; Aster xylorhiza. 
IV. Atriplex corrugata. 
Most of the annual s attain moda lity in Segment I. The ir total number 
in the fo ur segments is 8, 2 , l and 0 respec tive l y. 
Index of Homogeneity 
The index of homoge nei t y used by Curtis (1959) prov ides a quantita-
tive measure of variabilit y within vegetation. The index is obtained by 
dividing the sum of presence of the prevalent species with the t otal 
sum of presence of all spec ies. 
The index was calculated for all the segments. The index values 
ranged from 63.04 to 73.81 percent (Table ll), thus indicating a consider-
ab l y homogeneous vegetation in each segment. 
The index is presumably more or less ind ependent of the number of 
stands (Raunkaier, 1934) because the species density (average number 
of species per stand) quickly reaches a constant value after the first 
f ew stands (Curtis, 1959) . 
Table 11. Vegetation characteristics and index of homogeneity for the four segments of erosion gradient 
Erosion 
Total 
number of 
Total 
number of 
No. of 
dominant 
No. of 
prevalent 
No . of 
modal Species Index of 
gradient transec ts species species species species density homogeneit y 
I 16 20 14 73.61 
II 16 23 8 73.81 
III 16 13 71.87 
I V 16 11 3 63 . 04 
.., 
"' 
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Grouping of Species Based on CF Values 
Constancy values of species in different segments of the erosion 
gradient are given in Table 12. The species occurring in all stands of 
a segment and attaining the maximum (100 percent) values are as follows: 
I. Atriplex confertifolia; Hilaria jamesii; Microseris nutans. 
II . Atriplex nuttallii nuttallii. 
III. Atriplex nuttallii gardneri . 
IV. Atriplex corrugata . 
Average CF values for all species were calculated for each of the 
four segments of erosion gradient and are listed in Table 13 . The maxi-
mum CF values are shown in Table 14. 
None of the three criteria, namely, const anc y percent, average CF 
value, and maximum CF value , is an adequate measure of species occurrence 
in a given vegetation . One measure should be supplemented by others in 
order to provide a useful interpretation. A high average CF value when 
combined with a high constancy value and a very high maximum CF value 
will indicate the ubiquitous nature of a species on the environmental 
scale and also a wide range of ecolog ical amplitude (Ma ycock, 1963). 
Most of the species are spread over more than one segment, although 
they at tain a peak CF value in only one of them. If it be assumed that 
the peak values provide an objective measure of the suitability of en-
vironment, in relation to habitat preference of a species , a grouping 
of species can be made accordingly. Using this criterion, the perennial 
species exhib it the following habitat ( segments of e rosion gradient) 
preferences (Table 15): 
I . Atriplex confertifo lia; Chrysothamnus viscidiflorus; Opuntia 
polyacantha;_ Hilaria jamesii; Sitanion hystrix. 
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Table 12 . Constancy values of species in different segments of e rosion 
gradient 
S ec ies 
Atrip1ex confortifo1ia 
Atrip1ex nutt a11ii nuttal1ii 
Atriplex nutta1lii gardneri 
Atripl ex corrugata 
Artemisia spinescens 
Eriogonum microthecum 
Eurotia lanata 
~h~iscidiflorus 
Tet r adymia g1abrata 
Opuntia polyacantha 
As t er xylor hiza 
Sphae r a l cea grossulariaefo 1ia 
Hilaria jamesii 
Oryzopsis hymeno i des 
Sitanion hystrix 
Microseries nutans 
Halcolmia a fricana 
La ppu1a redowski 
Plantago tweedyi 
Descur ainia sophia 
Eriogonum cernuum 
Bromus tectorum 
Sa1sola kali 
~m~siflorum 
Haloge t on glomera tus 
Sisymbrium of£icinalis 
100 . 0 
6.3 
12.5 
50 . 0 
25 .0 
31.3 
100 . 0 
25.0 
6.3 
100.0 
68. 8 
37.5 
81.3 
50.0 
25 . 0 
62 . 5 
43. 8 
50 . 0 
18 .8 
6.3 
Constancy (percent) 
II III 
12.5 
100.0 
6.3 
6.3 
18.8 
18.8 
6.3 
12.5 
6.3 
12.5 
62.5 
93.8 
43.8 
87 . 5 
62.5 
68 . 8 
62.5 
50.0 
6.3 
37.5 
37.5 
12.5 
6.3 
18 .8 
100.0 
37 . 5 
25.0 
6.3 
81. 3 
12.5 
6 .3 
18 . 8 
6.3 
18 . 8 
43.8 
68.8 
IV 
100 . 0 
6.3 
6 . 3 
12.5 
6 . 3 
31.3 
50.0 
31.3 
18 .8 
12.5 
12 . 5 
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Table 13. Average CF values for species along different segments of 
eros i on gradie nt 
S ec ies 
Atriplex confertifolia 
Atriplex nuttallii nuttallii 
Atriplex nuttallii gardneri 
Atriplex corrugata 
Eriogonum microthecum 
Artemisia spinescens 
Eurotia lanata 
Chrysothamnus viscidiflorus 
Tet radymia glabrata 
Opuntia polyacantha 
Aster xylorhiza 
Sphaera lcea grossulariaefolia 
Hilaria jamesii 
Oryzopsis hymenoides 
Sitanion hystrix 
Eriogonum cernuum 
Microseris nutans 
Malcolmia a~a 
Lappula r edowski 
Bromus tectorum 
~go tweedyi 
Sa lsola kali 
~i~sophia 
Le pidiurn densiflorum 
Halogeton glomeratus 
Sisymbrium officinalis 
48.4 
0.3 
2.3 
4.8 
2.6 
2 .0 
61.9 
2.2 
0.3 
0.9 
25.7 
ll. 2 
2.3 
13.3 
8.6 
4.2 
4.2 
3.4 
1.2 
0.2 
Average CF value 
II III 
l.O 
64.8 
l.l 
4.4 
0.2 
3.3 
0 . 4 
2.4 
0.6 
0.7 
4.2 
55.6 
8.9 
0 . 3 
9.2 
5.4 
ll. 8 
8.3 
9 .1 
7.1 
0.2 
0.6 
0.4 
2.1 
90.0 
10.3 
7.1 
0 . 9 
37.1 
0.7 
1.8 
4.9 
38.8 
0.4 
2.5 
3.4 
IV 
170.3 
0 . 6 
0.4 
2. l 
0.3 
1.6 
4.2 
8 . 6 
5.1 
3.9 
2.9 
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Table 14 . Maximum CF values for species along different segments of 
e rosion gradient 
Maximum CF value 
ecies II III IV 
AtriElex confertifolia 105.4 12.5 
AtriElex nuttallii nuttallii 100.8 13.8 
AtriElex nuttallii gardneri 153.1 
Atriplex corrugata 17.6 200.0 
Eriogonurn microthecum 45.4 68.1 8.8 
Artemisia spinescens 3.7 26.7 6.2 
Eurotia lanata 4.9 28.6 13.7 
Chrysothamnus visicidiflorus 32.9 5.6 
Tetrad~ia glabrata 30 .1 
0Euntia Eolyacantha 30.6 9.6 
Aster xy l orhiza 16.2 7.8 94.6 19.0 
Sphaeralcea gros sulariaefolia 9.1 17.2 6 .0 5.0 
Hilaria jamesii 104.5 94.1 28.4 
Oryzo12sis hY!]enoides 17.1 50.3 38.9 
Sitanion hystrix 5.0 
Malcolmia africana 50.9 15 .0 30.2 48.3 
Erigonurn cernuum 7.7 5.5 108.5 14.6 
Salsola k~ 36 . 0 40.0 49.1 
Microseris nutans 51.7 15.8 5.8 31.4 
LaEEula redowski 10.4 35.5 11 . 4 27.0 
Descurainia sophi a 13.8 2.3 20 . 7 
Bromus t ectorum 38.4 42 .6 
Plantago tweedyi 24.6 27.9 
Lepidium densiflorum 15.6 4.6 
Halogeton glomeratus 10.1 6.5 
Sisymbrium officinalis 3.9 
Table 15. Gr ouping of species based on their atta ining peak average CF val ues in a particular segment 
Atriplex confertifolia 
II 
Atriplex nuttallii 
nuttallii 
Chrysothamnus v i scidiflorus Te tradymia glabrata 
Opuntia polyacant ha 
Hilaria jamesi i 
Si t anion hystrix 
Microseris nutans 
Malcolmia africana 
Bromus tecto rum 
Lepidium densiflorum 
Descurainia sophia 
Haloge t on gl omeratus 
Sisymbr ium offic ina l is 
Eurotia l anata 
Sphaeralcea grossular-
iaefolia 
Oryzops is hyme n a ides 
Sa lsola kali 
Lappula r edowski 
Plantago tweedyi 
III 
Atriplex nutta llii 
gardneri 
Eriogonum micr othecum 
Artemisia s pinescens 
Aster xylorhi za 
Eriogonum cernuum 
IV 
Atriplex corrugata 
---------------------------------------------------------------- ~ 
~ 
II. Atriplex nuttallii nuttallii; Tetradymia glabrata; Eurotia 
lanata; Sphaer a lcea grossulariaefolia; Oryzopsis hymenoides. 
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III. Atriplex nuttal l ii gardneri; Eriogonum microthecum; Artemisia 
spinescens; As t er xylorhiza. 
IV . Atriplex corrugata. 
Analysis Based on Frequency x Constancy Index 
The constancy and frequency data were used to calculate an index 
based on the product of the two measures and having the max imum attain-
able value of 10,000. The fre quency x constancy ind ex may be considered 
to be an objective measure of the occurrence of species in the vegeta-
tion under study (Anderson, 1954). 
The index values were calculated for species in each segment of 
the erosion gradient and are given in Table 16. The index values were 
utilized to study a gradient by combining transects within each segment 
in success ive groups of 4 . Frequency x cons tancy values, within each 
such group, wer e summed for the species in common, first three species 
in rank, prevalent species, and dominant species. Ratios of these 
summations wi th respect to the total summation of the index va l ues for 
a ll species of the group were determined and are list ed in Tab l e 17 . 
The highest ratios were obtained in case of prevalent species; the 
values range from 75.97 to 100 percent over the entire grad i ent. The 
r atios for specie s in common in the group range from 61.44 to 96.57 
percent, and for the first three highest ranking species from 54.88 to 
98.42 percent . The average ratios fo r the entire gradient were as 
foll ows : 
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Table 16. Frequency x constanc y index values for spec i es in different 
segments of erosion gradient 
ecies 
Atriplex confer ti fo li a 
Atrip1ex nutta1lii nuttallii 
Atriplex nutta11ii gardneri 
Atriplex corrugata 
Eriogonum microthecum 
Artemis i a s pinescens 
Eurotia l anata 
~h~viscidiflorus 
Tetradymia glabrata 
Opuntia pol yacantha 
Aster xy l orhiza 
Sphaera l cea gross u1ariaefo1ia 
Hilar ia jamesii 
Oryzopsis hymenoides 
Sitanion hystrix 
Microseris nutans 
Eriogonum ~
Malc o lmia africana 
Lappu1a r edowsk i 
Bromus t ee t o rum 
~go tweedyi 
Sa1sola ka1 i 
De scura inia sophia 
Lepidium dens i f l orum 
Ha logeton glome ratus 
Sisymbrium off i cinali s 
2,781 
2 
16 
188 
117 
l3 
5,563 
63 
3,813 
55 
1,075 
141 
1,406 
1,219 
342 
328 
282 
4 1 
2 
II 
12 
3,500 
4 
77 
2 
47 
2 
12 
16 
371 
4,395 
274 
1,149 
4 
410 
1 , 010 
551 
938 
446 
2 
16 
2 
Index value 
III IV 
24 
3,344 
5,813 
203 2 
141 2 
2 
1,828 20 
8 2 
6 
67 
2 108 
1,590 8 
23 297 
96 117 
39 
41 
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Table 17 0 Ratios of frequency x cons t ancy index values for transects 
arranged along gradient , in successive groups of four 
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0 c QJ ~ QJ QJ '" QJ 
'" "' ~ ~ ~ .~ ~ QJ .5 "' '-' :> 
"' 
u 
"' 
E ..... QJ ..... 
. ~ ..... QJ ..... 0 0 ..... 
'" 
..... ..... ~ ..... '0 
"' 
0. 
"' "' "' "' '-' Transects in groups 
"""' "" "" "' "' "' "' 
4-< c 
QJ of four along 0 0 0 0 0 0 0 0 E 
bO gradient E E E E E E E E QJ :> ;;l :> :> ;;l :> :> :> 
"' 
Transects GrouE "' "' "' "' "' "' "' 
Ul 
1- 4 42.97 80.47 54.88 73.52 
5-8 II 48.28 94.40 72.41 72.41 
9-12 II I 49 . 38 98.51 74.08 74.08 
13-16 IV 40 . 00 95.29 55.43 92.00 
Total 180.63 368.67 256 . 80 312.01 
Average 45.16 92 . 17 64.20 78 . 00 
II 1-4 57. 14 85.88 69 . 10 69 .10 
5-8 II 71. 18 83. 90 80.23 80 . 23 
9- 12 III 39 0 77 91. 40 67.66 67 . 66 
13 - 16 I V 42.78 75 . 97 68.33 89 .44 
Total 210.87 337 . 15 285.32 306.43 
Average 52 0 72 84.29 71.33 76 . 61 
II I 1- 4 I 88 . 54 92.89 92.50 88.54 
5 - 8 II 87.80 100.00 96.36 96 . 57 
9-12 III 61.44 77. 12 74.61 61. 44 
13-16 I V 60 . 47 99.60 98.42 96.44 
Tota l 298.25 369 . 61 361.89 342.99 
Average 74 . 56 92 . 40 90.47 85 .7 5 
IV 1-4 78.6 1 87 . 28 87.28 78 .61 
5- 8 II 70. 60 91.91 91.91 89. 73 
9-1 2 III 94. 22 94 .6 7 94 .67 94. 22 
13-16 I V 86.81 91.06 91.06 86.81 
Tota l 330 . 24 364 0 92 3 64 0 92 349.37 
Ave r age 82.56 91. 23 91.23 87 .34 
(a) Dominant species 
(b) First three species 
(c) Species in common in group 
(d) Prevalent spec i es 
63.75 percent 
79.31 percent 
81 . 93 percent 
90.02 percent 
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On the basis of this measure, the largest contribution to the vegetation 
is accounted for by prevalent species and the least by the dominant 
species . 
The stands were also considered in cumulative groups. In each seg-
ment cumulative groups were obtained by combining 1-4, 1-8, 1-12 , and 
l-16 transects. In each group, s ummation ratios in the manner pre-
viously stated, were calculated for the dominant species, prevalent 
species, firs t three species, and species in common in the group; 
the percent values obtained are given in Table 18. The highest ratios 
we r e attained by the prevalent species, 80.47 to 98.03 percent. The 
ratios in this category remained quite high even when all the stands 
in a segment were combined to be considered as one cumrnu lative group ; 
the values for the four segments obtained in this way were 86.96, 
91.00, 95.47 and 96.57 percent. The relative uniformity of the ratios 
in each segment, espec ially for prevalent species , may be considered 
to be an indication of the homogenei ty of vegetation in terms of such 
species. 
The average ratios on combining all transects over the entire 
gradient were calculated as follows: 
(a) Dominant species 
(b) Species in common in group 
(c) First three species 
(d) Prevalent species 
65.72 percent 
56.05 percent 
79.78 percent 
92.50 percent 
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Table 18. Ratios of frequency x constancy index va l ues for transec t s 
along gradient, cumulative in groups of four 
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00 i n groups of four E E E E E E E !j QJ ~ ~ ~ ~ ~ ~ ~ 
(/) Transects GrauE (/) (/) (/) (/) (/) (/) (/) (/) 
1-4 42.97 80.47 54 .88 74.66 
l - 8 II 43.71 83.17 52 .24 60 . 76 
1-12 III 46.71 91.12 65.67 65.67 
1-16 IV 42.55 86 . 96 61.99 61. 99 
II 1-4 I 57 . 14 85.88 69. 10 69.10 
l-8 II 64.81 84.88 77.21 64.81 
l-12 III 61.64 90.42 71. 21 31.29 
1-16 IV 59.64 91.00 68.32 26. 44 
I II l - 4 I 88 .54 92.89 92.50 88.54 
l - 8 II 76.93 98 . 03 94.96 76. 93 
l-12 III 73.27 92.69 88.86 73.27 
l-16 IV 70.55 95.47 92.24 45.61 
I V 1- 4 78.6 1 87 .28 87 . 28 78.61 
1-8 II 82.28 96.08 96.08 85.64 
1- 12 III 88.62 95.73 95.73 88.62 
l-16 IV 90.15 96.57 96 .57 90.15 
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The highest contribution to the vegetation of the area is again by 
the prevalent species and the l e ast by the species in common in the 
group on the basis of the quantitative criterion used here. The variat ion 
in the ratios is very small within each segment. Thus for dominant 
species, prevalent species, first three species, and species in common 
in group, the percent ratios in Segment I vary from 42.55 to 46.71, 80.47 
to 91.12, 52.24 to 65.67, and 60.76 to 74.66 respectively. This suggests 
considerable uniformity in component species on any of the four criteria 
used for combination of species. Similar homogeneity is indicated within 
the other three segments of the erosion gradient. 
Calculation of the average ratios (Table 17) in each segment gave 
the following r es ults: 
Species in 
Dominant common First three Prevalent 
Segment sEecies in grouo species s2ecies 
45.16 78 . 00 64.20 92.17 
II 52.7 2 76.61 71.33 84.29 
III 74.56 85.75 90.47 92.40 
IV 82.56 87.34 91.23 91.23 
These values show gradual and continuous increase for dominant 
species and the first three species along the gradient. 
On considering peak frequenc y x constancy index values to be a 
measure of habitat preference, the species may be arbitrarily allocated 
to the segments as follows: 
I. Atriplex confertifolia; Chrysothamnus viscidiflorus; Opuntia 
polyac antha ; Hilaria jamesii; Sitanion hystrix; Micro seris nutans; 
Malcolmia africana; Bromus t ec torurn; Plantago tweedyi; Descurainia 
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sophia; Lepidium densif lorum; Halogeton glomeratus; Sisymbrium officinalis. 
II. Atriplex nuttallii nuttalli i; Eurotia lanata; Te tradymia glabrata; 
Sphaeralcea grossulariaefolia; Oryzopsis hymenoides; Lappula redowski; 
Salsola kali. 
III. Atriplex nuttallii gardneri; Eriogonum microthecum; Artemisia 
spinescens; Aster xylorhiza; Eriogonum cernuum . 
IV. Atriplex corrugata. 
An arbitrary selection of pe rennial species with high frequency x 
constancy index values leads to the following results for each segment: 
I. Hilaria jamesii (5,563); Atriplex confer tifolia (2,781). 
/Opuntia polyacantha (1882/. 
II . Hilaria jamesii (4,395); Atriplex nuttallii nuttallii (3,500). 
/Sphaera lcea grossulariaefolia (37127 . 
III. Atriple~ ~uttallii gardneri (3,344); Aster xylorhiza (1,8 28). 
/Eriogonum cernuum (20327 . 
IV. Atriplex corrugata (5,813). / Aster xylorhiza (2027. 
The values of the perennial species with the next highest values are shown 
within square brackets and these can readily be seen to be qu ite lower 
than the o ther s. 
The analysis based on the frequency x constancy index provides the 
same major species designations of vegetation types as determined by 
Ibrahim (1963) thr ough a rathe r subjective approach adopted by him . 
Association Analysis 
Association analyses may be derived by utilizing either th e attri -
bute data or some quantitative measure of vegetation characteristics. 
In the former, a contingency table listing the presence or absence of 
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species is constructed and inte r spec i f ic assoc i ations are calculated. 
When a quantitative measure of vegetation is ava ilable the associa tion 
may be measur e d by determining corre lations. Further, the association 
analyses may e ithe r be based on association between species or tha t among 
vegetation s tands. 
Association analysis using coefficient 
of inter s pec i fic association 
A measure of interspecific a ssoc iat ion l'as proposed by Cole (1949) 
a f ter examining other available coefficients. This has been used in 
other ecologica l studies (Bray , 1956; Cook and Hurst, 1962; Gr e ig - Smith, 
1952) . A test of significance is availabl e through calculation of the 
s tandard error . 
The presence and ab sence values are arranged in a 2 x 2 contingency 
table with the cell values represented by a, b, c, and d, where 
a= number of times s pecies A and species B occur together , 
b number of times species A occur s in absence of B, 
c = number of times species B occurs i n absence of A, 
d number of times spec i es A and Bare both absent, and 
n = a+b+c+d. 
The coe ff icient of interspeci f ic association (CIA) and it s standard 
err or (Se ) a r e calculated from the following fo r mulae: 
l. When a d ~ b c , the assoc iation is positive and 
CIA t S 
e 
a d - b c 
(a+b) (b+d) 
t J<a+c) (c+d) 
n (a+b) (b+d) 
2. When a d < b c , the association is negative: 
( a ) If a ~ d, 
ad - b c 
(a+b) (a+c) 
( b) If a > d, 
ad - be ± 
(b+d) (c+d) 
J< b+d) 
n (a+b) 
(c+d) 
(a+c) 
(a+ b) (a+c) 
n (b+d) (c+d) 
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The t value i s obtained on dividing CIA by Se to prov ide a t es t of 
significance. A program for t he IBM 1620 computer was written t o make 
computations of CIA and Se. The 26 species in various pos sible combina-
tions made a total of 325 comparisons , a task too heavy for calculations 
on a desk calculator. The cell values, in the contingency table , were 
calcul ated by using a U, S.U. program entitled "Digit counting." 
The cho i ce of probability l eve l for the t est of s i gni f icance is 
often arbitrary and calls for a subjective judgment. When a large number 
of comparisons are to be made some will show signific ance pur e l y by 
chance , e.g., at P ~.OS there wil l be one such signi f icance attained 
out of a total of 21 pairs. In order t o lessen such happening , an arb i-
trary choice of P <( .001 was made fo r making the test of significance. 
Th e matrix of association between species is presented in Table 19. 
A total numbe r of 30 associations show significance (P < . 001) in which 
are negative and 25 positive . The pairs of species so obtained are 
li sted in Table 20. 
The pairs showing negative associations are: Atriplex corrugata-
Hilaria iames ii, Atr iplex corrugata-Plantago tweedyi, Atriplex nuttallii 
gardner i-Hilaria jamesii, Atriplex nuttallii gardneri-Microseris nutans, 
and Atriplex nuttallii gardneri-Plantago tweed yi. The species from each 
of these pairs were pl aced at opposite ends and t he species form i ng posi-
Table 19. Association between species based on coefficient of interspecific association 
4-l +.I +.J 1-1 
~ +.I +.J 1-1 
0 :I :I 0 
0 ~ ~ 0 
•.-4 
~ r ~~ ~ M r-4 r-4 (lj • +.I ·.-4 "C 1-1 +-I 1-1 1-1 +.J :I +.I (lj Species ~ s::  
AtriElex nut t allii nuttallii -1 
AtriEl ex nuttallii gardner i -3 0 
AtriElex corrugata -3 - 2 - 3 
Eriogonum microthecum 0 0 +2 0 
Artemisia SEinescens 0 0 +4 0 
Eurotia lanata 0 0 0 0 
Chrysothamnus viscidiflorus +3 0 0 0 
Tetrad~ia g l abrata 0 +1 0 0 
0Euntia Eolyacantha +4 0 0 0 
Aster xy1orhiza 0 0 +4 - 1 
SEhaera1cea grossulariae-
folia 0 +3 0 -2 
Hilaria jamesii +4 +3 -4 -4 
OryzoEsis h~enoides 0 +1 0 -2 
Sitanion hystrix 0 0 0 0 
Eriogonum cernuum 0 0 +4 0 
Microseris nutans +4 0 -4 -3 
Malcolmia africana 0 0 - 2 0 
LaEEula redowski 0 0 0 0 
Bromus tectorum +4 0 -3 -3 
Plantago tweedyi +4 0 -4 -4 
Salsola ka1i tenuif1ora +3 0 - 3 0 
Descurainia soEhia +4 0 -1 0 
Le Eidium densif1orum +4 0 - 1 -1 
Halogeton g1omeratus +1 0 0 0 
Sis~brium officinalis 0 0 0 0 
0 indicates not significant . 3 
1 indicates signi f icance at P .£.. • 05. 4 
2 indicates significance at P < . 025 . + 
e 
:I 
0 
Q) 
..c:: 
+.I 
0 
1-1 
0 
•.-4 
e j 
0 
0 
0 
0 
0 
+2 
0 
p 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
•.-I 
U) 
tU 
·.-4 
tl) 
•.-4 
E 
•.-4 
+.I 
1-1 
~ 
0 
0 
0 
0 
+4 
0 
-1 
0 
0 
+3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
indicates 
indicates 
indicates 
+.J U) M ~ •.-4 tU :I .c ~ ~ M 1-1 tU 
tU e ~ g 0 Q) M tU M 0 ..c:: tU M tU j +.I ~ tU •.-4 •.-4 0 HM +.J ~ 1-1 Q) 0 0 tU4-l Q) 1-1 1-1 +.J ~ Q) ;:I ..c:: ~I tl) (lj rzl u ~ Cl) · .-4 
0 
+ 2 0 
0 0 0 
0 0 0 0 
+3 0 +2 0 0 
0 0 0 +4 0 +4 
0 +1 0 0 0 0 
0 +4 0 0 0 0 
0 0 0 0 +3 - 1 
+1 0 0 +1 - 3 +4 
0 0 0 0 0 +3 
0 0 0 -1 0 +1 
0 0 0 +3 0 ·- 0 
0 0 0 +1 0 +3 
0 0 0 +4 0 0 
0 0 0 +1 0 0 
0 0 0 +2 -2 0 
0 0 0 +1 0 0 
0 0 0 +2 0 0 
s i gnificance at P < .01. 
s i gnificance at P < .001. 
positive association. 
U) ] +.I 1-1 :I 1-1 ;3: 1-1 Q) U) U) 0 Q) U) Q) ~ 4-l 0 0 Q) ]I ~ e M 0 tU "C +.I ;3: tU Q) tU ..c:: U) Q) 0 +.J •.-4 "C U) e ·.-4 tU 1-1 Q) s:: s:: 
·.-4 s:: :I 1-1 •.-4 +.J ~ -.-4 e 0 tU e 0 s:: Q) e (lj tU (lj :I +.I ·.-4 •.-4 ~ U) M M U) tU M 1-1 •.-4 ~ 1-1 0 s:: 0 0 g :I +.I 0 :I "C (lj ~ (lj 0 1-1 0 e s:: U) 0 '8 0 M +.J •.-4 0 M ~ 0 tU M U) M ·.-4 1-1 •.-4 1-1 il ~ 1-1 M tU ~ ~ ::X:: 0 Cl) rzl ...:I ~ P< Cl) Cl:l 
0 
0 +1 
- 2 0 0 
+4 0 0 - 3 
0 0 0 0 +2 
0 0 0 0 0 0 
+4 0 0 0 +4 0 0 
+4 0 0 0 +4 0 0 +4 
+3 +1 0 0 +3 +2 0 0 0 
+1 0 0 0 +1 0 0 +4 0 0 
+4 -2 0 0 +3 0 0 +3 +4 0 0 
+1 0 0 0 0 +1 0 +2 +1 +1 0 0 
0 0 0 0 0 0 0 0 0 0 0 + 2 0 
- indicates negative. 
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Table 20. Species showing significant assoc iations (P <: .001 ) on the 
basis of coefficient of interspecific association 
Negative associations 
Atriplex nuttallii gardneri, Hilaria jamesii 
Atriplex nuttallii gardneri, Microseris nutans 
Atriplex nuttallii gardneri, Plantago tweedyi 
Atriplex corrugata, Hilaria jamesii 
Atriplex corrugata, Plantago t weedyi 
Positive associations 
Atriplex confertifolia, Opuntia polyacantha 
Atriplex confertifolia, Hilaria james ii 
Atriplex confertifolia, Microseris nutans 
Atriplex confertifolia, Bromus tectorum 
Atriplex confertifolia, ~go tweedyi 
Atriplex confertifolia, Descurainia soph ia 
Atriplex conferti fo lia, Le pidium densif lorum 
Atriplex nuttallii gardner i, Artemisia spinescens 
Atriplex nuttallii gardneri, Aster xylorhiza 
Atriplex nuttallii gardneri, Eriogonum cernuum 
Artemisia spinescens, Aster xylorhi za 
Chrysothamnus viscidiflorus, Sitanlon hysttix 
Opuntia polyacantha, Salsola kali 
Opuntia polyacantha, Hilaria jamesii 
Sphaeralcea grossulariaefolia, Hilaria jamesii 
Sphaeralcea grossulariaefolia, Microseris nutans 
Hilaria jamesii , Microseris nutans 
Hilaria jamesii, Plantago tweedyi 
Hilaria jamesii, Lepidium densiflorum 
Hilaria jamesii, Bromus t ec torum 
Microseris nutans, Bromus tectorum 
Plantago tweedyi, M~ris nutans 
Plantago tweedyi, Bromus tectorum 
Pl antago tweedyi, Lepidium densiflorum 
Bromus tectorum, Descurainia sophia 
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tive associations were used a s links in the constellation diagram (Figure 
10) . The fo llowing five ecologic groups are derived from this analysis: 
Group I. Atriplex confertifolia; Opuntia polvacantha; Sphaeralcea 
grossu lariaefolia; Hilaria jamesii; Microseris nutans; Bromus tectorum; 
Plantago t weedyi; Salsola kali; Descurainia sophia; Lepidium densiflorum. 
Group II. (species not showing significance): Atriplex nuttallii 
nuttallii; Eriogonum microthecum ; Eurotia lanata; Tetradymia glabrata; 
Orvzo psis hymenoides; Malcolmia africana; Lappula redowski; Halogeton 
glome ratus; Sisymbrium officinalis. 
Group III. Atriplex nuttallii gardne ri; Artemisia spinescens; 
Aster xylorhiza; Eriogonum ~· 
Group IV. Atriplex corrugata. 
Group V. Chrysothamnus viscid iflorus; Sitanion hystrix. 
Group I contains the largest number of spec ies (10) and shows close 
r esemb l ance to the shadscale-galleta grass association delineated by 
Ibrahim (1963). Group II contains 9 species and is similar to his salt-
bush-galleta grass association. The saltsage-woody aster association of 
Ibrahim is s imilar to ecologic group III (4 spec ies). Group IV, consis-
ting of the only dominant s pe cies Atriplex corrugata, is the mat saltbush 
community of Ibrahim. These gr oups follow the directiona l change in the 
retrogressional gradient over the area. In addit i on to bringing out a 
classification, similar to that of Ibrahim, the approach adopted here 
makes it pos sib l e to assign particular species to the four types rather 
than determine the dominant species alone. Thus it is possible to know 
the group in which particular species find maximum expression even while 
the compos ition of some associations may be shared by the same species. 
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e Atriplex corrugata Atriplex nuttallii gardneri 
Aster xylo•htza 
spinescens 
Eriogonum cernuum 
Sitanion hystrix 
,..,_--------~•• Chrysothamnus viscidiflorus lanceolatus 
Bromus tectorum 
'Salsola kal i tenuit lora 
conferti folia 
Lepidium densiflorum 
-.;;;;;;;~=====~======~~======-~· Microseris Plantago tweedyi nutans 
Figur e 10. Constellation of plant species ba se d on s i gn i f icant associa -
tions using coefficien t of interspecific associa t i on. 
78 
An additional group comprising Chrvsothamnus viscidiflorus and 
Sitanion hystrix was obtained from this analysis. The highly significant 
positive assoc iation between the two species shows that an increase in 
the occurrence of Chrysothamnus viscidiflorus is accompanied by a simi-
lar increase in the pres ence values of Sitanion hystrix . Both species 
usually occur here as invaders of ranges in poor condition. Their 
association, however, shou l d be interpreted wi th caution; the former 
occurs only rarely in the first two segments (mean frequency 1.25 and 
0.31 percent) and t he latter is found in segment I only (mean frequency 
0.31 percent). Although the two show significance, the data may be too 
limited to demonstrate associations even if they exist, particularl y so 
where only presence and absence data are considered (Goodall, 1953). 
Goodall examines a hypothetical case of 100 quadrats in which two species 
actually occur at frequencies of 90 and 10 percent and proves that the 
"highest degree of correlation 1-;;:ssociatio_!!f that can be attained by 
the two species (when the second occurs only in the presence of the 
first) has a probability of 0.33. " Further, Goodall (1952) recommends 
caution in tests of significance of CIA based on Se because the "ex -
pression quoted by Cole for the standard error of his own coefficient 
does not in fact give its samp ling error when its value approaches unity." 
The effect of sample s ize on the indication of association is an 
important consideration (Cook and Hurst, 1962; Greig - Smith, 1964; Kershaw, 
1957, 1960, 1964) . Preponderance of negative associations may be caused 
by spat ial exc l usion in quadrats of small size. Similarly , some negative 
associations may change into positive associations if the size of the 
quadrat i s increased. Greig - Smith (1964) considers this to be a strong 
r einforcement of th e argument t o use a scheme of systematic sampling which 
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will permit data for larger samples to be obtained by grouping adjacent 
samples. 
An arbitrary grouping of 20 sub-samples, to form a large single 
sample per transect, 'tvas used in the t ests of association based on Cole • s 
coefficient of interspecific association and chi-square . A comparative 
assessment of the two techniques of association analysis was also made 
possible by using the same sample size in both analyses. 
Although the samp l e size exercises considerable influence on assoc -
iation, the choice has often to be made arbitrarily (Kershaw, 1964). 
It is almost impos sible to sample all components of vegetation with equal 
eff iciency. 
Association analysis using chi - square 
The use of chi-square in tests of hypotheses is based on calcula-
tion of expected values on a priori or theoret ical considerations. The 
sum of ( dev iations from expected value)2 
expected value 
provides the calculated chi-
square tvhich is t ested against a tabulated va l ue. The calculation of 
chi - square, in a 2 x 2 con t ingency table, with one degree of freedom, 
is easily done by using the formula: 
Chi-square = n(ad - bc) 2 (a+b) (c+d) (a+c) (b+d) 
A correction for continuity is suggested in case of chi-squares 
having one degree of freedom (Cochran, 1942; Yates, 1934); this arises 
from the fact that the chi-square distribution is continuous whereas the 
frequency values are discrete. Fisher and Yates (1943) recommend this 
correction in all cases where the calcu l ated expected values fall below 
500. The correction is app li ed by adding 0 . 5 to two values less than 
expectation and subtracting 0.5 from the two va l ues grea t er than expecta-
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tion. The correction, however, is not indicated in case of a chi - square 
with more than one degree of freedom (Anderson and Bancrof t, 195 2) . 
Chi - square test of independence, or association, was applied t o the 
presence and absence data for all combinations of spec i es arranged in a 
2 x 2 contingency table. A correct i on of continuity was used and a 
fortran program for the I BM 1620 was written to carry out the computa-
tions. The mat rix of chi - square values achieving statistical significance 
is shown in Table 21. A total of 31 associations ar e significant (P <( 
. 001); of thes e 6 are negative and 25 positive as soc iations (Table 22). 
The negative assoc iati ons occurred in the fo llowing pairs: Atripl ex 
nuttallii gardneri-Hilaria james ii; Atripl ex nuttallii sardneri-Microseris 
nutans; Atriplex nuttallii gardneri-Plantago tweedyi; Atriplex corrugata-
Hilaria jamesii ; Atriplex corrugata-Plantago tweedyi; Sitanion hystrix-
Sisymbrium officinalis. 
The individuals in each pair were placed at opposite e nds and linked 
through s pecies showing positive associa t ions. The constellation (Figure 
11) so ob t ained yie ld ed the fo llowing ecologic groups: 
Group I . Atriplex confertifolia; Opuntia polyacantha; Sphaeralcea 
grossulariaefolia; Hilaria jarnesii; Microseris nutans; Brornus tectorurn; 
Plantago t weedyi; Salsola kali; Descurainia sophia; Lepidiurn densiflorum; 
Si s ymbrium officinali s . 
Group II . (species not showing significance). Atriplex nuttallii 
nuttallii; Eriogonurn rnicrothecum; Oryzopsis hymenoides; Ma lcolrnia africana; 
Lappula redmvski; Hal ogeton glorneratus. 
Group I II . Atriplex nuttallii gardneri; Artemisia spinescens; 
Aster xy l orh i za; Eriogonurn cernuurn. 
Group IV . Atriplex cor r uga ta . 
Table 21 . Associat i on between spec i es based on chi- square 
(lj 
·~ ·~ ·~ ~ Cl) ....... ....... ;:I 0 ....... H 4-l (lj 0 (l) .j.J ....... (lj (lj .j.J 4-l ·~ ·~ ;:I E ·~ H ....... ~ ;:I Cll '0 (lj 
I 
E 
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AtriElex nuttallii nuttallii 0 
AtriElex nut tallii gardneri - 3 0 
AtriElex corrugata - 3 -2 - 3 
Eriogonurn rnic r othecurn 0 0 +2 0 
Artemisia SEinescens 0 0 +4 . 0 0 
Eruotia lanata 0 0 0 0 0 0 
Chrysotharnnus viscid iflorus +3 0 0 0 0 0 +3 
Tetrad~ia gl abr ata 0 +2 0 0 0 0 +4 0 
0Eunt i a Eolyacantha +4 0 0 0 0 0 0 0 0 
Aster xylorhiza 0 0 +4 -1 +2 +3 0 0 0 0 
SEhaeralcea grossular iaefolia 0 +2 0 -1 0 0 +1 0 +3 0 0 
Hilaria jarnesii +4 +2 -4 - 4 0 0 0 0 0 +4 0 +4 
OryzoEsis h~enoides 0 +2 0 -2 +1 0 0 0 0 0 0 0 0 
Sitanion hystrix +1 0 0 0 0 0 0 +4 - 2 0 0 0 0 +3 
Eriogonurn cernuurn 0 0 +4 0 0 +3 0 0 0 0 +2 0 -1 0 0 
Microser i s nutans +4 0 - 4 - 2 0 0 0 0 0 +1 - 2 +3 +4 0 0 - 2 
Ma lcolrnia africana 0 0 - 3 0 0 0 0 0 0 0 0 +3 0 0 0 0 +2 
Lappula r edowski 0 0 0 0 0 0 0 0 0 - 1 0 +1 0 0 0 0 0 0 
Brornus tectorurn +3 0 - 2 - 3 0 0 0 0 0 +4 0 0 +4 0 0 0 +3 0 0 
Plantago tweedyi +4 0 -4 - 4 0 0 0 0 0 0 ·o +3 +4 0 0 ·o +4 -o 0 +4 
Salsola kali +3 0 - 2 0 0 0 0 0 0 +4 0 0 +2 +1 0 0 +3 +2 0 0 +1 
Descuraini a soEhia +4 0 -1 0 0 0 0 0 0 +2 0 0 0 0 0 0 0 0 0 +4 0 0 
Lepidiurn densiflorurn +4 0 0 0 0 0 0 0 0 +3 - 2 0 +4 0 0 0 +3 0 0 +3 +4 0 +1 
Halogeton glorneratus +2 0 0 0 0 0 0 0 0 +3 0 0 0 0 0 0 0 0 0 +3 0 0 +1 0 
Sis~briurn officinalis +1 0 0 0 0 0 0 0 -3 +4 0 0 0 0 - 4 0 0 0 0 0 0 +2 0 +4 0 
0 ind icates no signi fance. 1 indicates significance at p < . 05. 4 indicates significance at P < .001. 
+ indicates positive assoc i ation. 2 indicates significance at p < . 025. 
- indicates negative association. 3 indicates s ignificance at p < .01. 
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Table 22 . Species showing significant associations (P < .001) on the 
basis of c h i-square 
Negative associations 
Atriplex nuttallii gardneri, Hilaria jamesii 
Atriplex nuttallii gardneri, Microseris nutans 
Atriplex nuttallii gardneri, Plantago tweedyi 
Atriplex corrugata, Hilaria jamesii 
Atriplex corrugata, Plantago tweedyi 
Sitanion hystrix, Sisymbrium officinalis 
Positive associations 
Atriplex confertifolia, Opuntia polyacantha 
Atriplex confertifolia, Hilaria jamesii 
Atriplex confertifolia, Microseris nutans 
Atriplex confertifolia, Plantago tweedyi 
Atriplex Confertifolia, Descurainia sophia 
Atriplex confertifolia, Lepidium densiflorum 
Atriplex nuttallii gardneri, Artemisia spinescens 
Atriplex nuttallii gardneri, Aster xylorhiza 
Atr1plex nuttallii gardneri, Er iogonum cernuum 
Eurotia lanata, Tetradymia glabrata 
Chrysathamnus viscidiflorus, Sitanion hystrix 
Opuntia polyacantha, Hilaria jamesii 
Opuntia polyacantha, Bromus tectorum 
Opuntia polyacantha, Salsola kali 
Opuntia polyacantha, Sisymbrium officinalis 
Sphaeralcea grossulariaefolia, Hilaria jamesii 
~ iamesii, Nicroseris nutans 
Hilaria jamesii, Bromus tectorum 
Hilaria jamesii, ~go tweedyi 
Hilaria jamesii, Le pidium densiflorum 
Microseris nutans, Plantago tweedyi 
Plantago twe edyi, Lepidium densiflorum 
Bromus tectorum, Descurainia sophia 
Bromus tectorum, Plantago tweedyi 
Le pidium densiflorum, Sisymbrium officinalis 
e Atr iplex corrugo/Eo Atnplex nuttoll i i gordnen 
Aster xylorh1zo 
Artem1s1o spmescens 
Enogonum cernuum 
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I Siton1on hystnx Chrysothomnus 
viscidiflorus 
lonceolotus 
Tetrodymio glo brat a Eurotia lanato 
Opuntio polyocontho 
Solsolo koli 
tenuifloro 
Hilario 
jomesii 
Atriplex confertifolio 
Sphoerolceo 
grossuloriaefolio 
Figure 11. Cons t e ll ation o f jl lan t species ba sed on significant ass oc i a-
t i ons ecco ~ding to chi - square . 
Group V. Eurotia lanata; Tetradymia gl abrata. 
Group VI . Chrysothamnu s viscidiflorus; Sitanion hystrix . 
The vegeta tion delimitations of Ibrahim (1963) do not bring out 
group s V and VI. The f ir st four eco l ogic groups , however, r esemble his 
shadscal e - gallet a grass, saltbush-galleta grass and saltsage -woody 
aster associations, and mat saltbush community respectively. 
The s igni f icant positive associations be tween Eurotia lanata and 
Tetradymia glabrata, and be t ween Chrysothamnus viscidif l orus and Sitantion 
hystrix suggest local variations with i n t he broad vegetation types in 
the four segments. Such patterns will not be obvious i f only the domin-
ant species were to be used to obtain classi f ication. It also suggests 
that an increase in Eurotia lanata is accompan i ed by a similar trend in 
Te tradymia glabrata (Group V); this holds true also in case of Chryso -
thamnu s viscid i f l or us and Sitanion hystr ix (Gr oup VI). 
Ass ociat ion analysis using coeff icient 
of interspecific association and 
chi - square 
The matrix of association between species, on the basis of coeff i-
cient of interspecif ic association and chi- square , is presented in 
Table 23 in which the significance achieved by species from each mea-
sure i s shown side by side. 
A tota l of 26 significant (P < .001) associa tions were obtained 
by using a combination of the two measur es (Table 24). The five pairs 
showing nega tive association we re used to obtain constel l ations by 
placing spec i es in each pair at oppos it e ends and using the remaining 
positive associations as l inks a s shown in Figure 12. The fo llowing 
synecological groups were obtained: 
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Table 24. Species showing significant associations (P < .001) on the 
basis of a combination of coefficient of interspeci f ic associa-
tion and chi- square 
Negative associations 
Atriplex nuttallii gardner i, Hilaria james ii 
Atriplex nuttallii gardner i, Microseris nutans 
Atriplex nuttallii gardne ri, Plantago tweedyi 
Atriplex corruga ta, Hilaria jamesii 
Atriplex corrugata, Plantago tweed vi 
Positive associations 
Atri plex confertifolia, Opuntia polyacantha 
Atriplex confertifolia, Hilaria jamesii 
Atrip l ex conferti f olia, Microseris nutans 
Atriplex conferti fo lia , Plantago tweedyi 
Atrip l ex conferti fo lia, Descurainia sophia 
Atriplex confertifolia, Leipd ium dens iflorum 
Atr iplex nuttallii gardneri, Artemisia s pinescen s 
Atriplex nuttallii gardneri, Aste r xy l orhi za 
Atriplex nuttallii gardneri 1 Er iogonum ~
Chryso thamnus viscidi f l orus , Sitanion hystrix 
Opuntia polyacantha, Hi laria jamesii 
Opuntia polyacantha, Salsola kali 
Sphaeralcea grossular i aefolia, Hilar ia jamesii 
Hilaria jamesii, Mic roser is nutans 
Hilaria jamesii, Bromus tectorum 
Hilaria jamesii, ~go t10veedyi 
Hilaria jamesi i, Le pidium densiflorum 
Plantago tweedyi, Le pidium densiflorum 
Bromus tectorum, Descurainia sophia 
Bromus t ec tor um , Pl antago tweedyi 
Microseris nutans, Plantago tweed v i 
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e Atriplex corrugate Atriplex nultolli i gardn,eri 
Eriogonum cernuum 
Artemisia spinescens 
Aster xylorhizo 
Sitonion hystrix 
•• .__--------~•• Chrysothom nus viscidiflorus lanceolatus 
Bromus tectorum 
confertifolia 
Lepidium densiflorum 
Sphoeralcea 
gros su Ia riaefolia 
~~~==========~~======~j=am~e~si~i==============--~ 
• Microseris 
nutans Plantago tweedyi 
f i gur e 12. Cons t ellation o f plan t s pecies based on signi fica nt a ssocia -
t i ons using coe ff i cient of i nt erspecific assoc i ati on a~ d c hi -
sq ·.J are . 
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Group I. Atriplex confertifol ia; Opuntia polyacantha; Sphaeralcea 
grossulariaefolia; Hilaria iamesii; Microseris nutans; Bromus tectorum; 
Plantago tweedyi; Salsola kali; Descurainia sophia; Lepidium densiflorum. 
Group II . (Species not showing significance) . Atriplex nuttallii 
nuttallii; Eriogonum microthecum; Eurotia lanata; Tetradymia glabrata; 
Oryzopsis hymenoides; Ma lcolmia africana; Lappula redowski; Halogeton 
glomerat us; Sisymbrium officinalis. 
Group III. Atriplex nuttallii gardneri; Artemisia spinescens; 
Aster xylorhiza; Eriogonum cernuum . 
Group IV. Atriplex corrugata. 
Group V. Chrysothamnus v i scidif l orus; Sitanion hystrix. 
A compar i son showing the difference in the compos ition of the eco lo-
g i c groups brought out by chi-square, coefficient of in terspecific 
association and a combination of the two, i s s hown in Table 25. The 
groups, in general, are quite similar in t he three ana l yses. They differ 
only in a few re l atively l ess important annual spec ies in case of t he 
first four groups wh ich have close resemblance to Ibrahim's (1963) 
main stratifications. The coefficient of interspecific association pro -
vides 5 vegetation groups, whereas the use of chi - square results in 
bringing out an additional group (Gr oup VI). The firs t four groups 
based on the coefficient of interspecific association are quite similar 
t o the four synecological units of Ibrahim's classification . 
Group I of the combined anal ys is contains the ma x imum number of 
species (10 spec i es ). Group II, III and IV have 9, 4 and 1 species 
r espective l y. In such an analysis , where one group (G roup II) is formed 
as a residual comprising species that do not show s i gnif icant assoc i a-
Table 25 . Groups of species based on association analyses using chi - square, coeffic i en t of interspecific 
association and th e ir combination 
Coeff icient of interspecific Coefficient of interspecific 
Grou p Chi-square association association and chi- square 
II 
III 
Atriplex confertifolia 
Opuntia polyacantha 
Sphaeralcea grossu lariaefol i a 
Hilaria james ii 
Microser is nutans 
Bromus t ectorum 
~go t weedyi 
Sa l so la kali 
~i;r;-sophia 
Le pidium densiflorum 
Sisymbrium officinal is 
Atrip l ex nutta l lii nuttallii 
Oryzopsis hymenoides 
Eriogonum mic r othecum 
Malcolmia africana 
Lapp ula redowski 
Atriplex nuttallii gardneri 
Artemisia spinescens 
As ter xylorhi za 
Eriogonum ~
Atriplex confertifolia 
Opuntia polyacantha 
Sphaeralcea grossulariaefolia 
Hilaria jamesi i 
Microseris nutans 
Bromus tectorum 
Plantago tweedyi 
Salsola kali 
~i;r;-sophia 
Lep idium densif l orum 
Atriplex nuttallii nuttallii 
Eriognum microthecum 
Eurotia lanata 
~ym~brata 
Oryzops is hymenoides 
Malcolmia africana 
La ppula redowski 
Halogeton gl omeratu s 
Sisymbrium officinalis 
Atriplex nuttallii gardneri 
Artemisia s pinescens 
Aster xylorhiza 
Eriogonum cernuum 
Atri plex confertifolia 
Opuntia polyacantha 
Sphaeralcea grossulariae -
folia 
Hilaria jamesi i 
Microser i s nutans 
Bromus t ectorum 
~go tweedyi 
Salsola kali 
~i;r;-soph ia 
Le pidium densiflorum 
Atriplex nuttallii nuttallii 
Er iogonum micro t hecum 
Eurotia lanata 
~ym~brata 
Oryzopsis hymenoides 
Malcolmia africana 
Lappula r edowsk i 
Halogeton glomerat us 
Sisymbrium officinalis 
Atriplex nuttallii gardneri 
Artemisia s pinescens 
Aste r xylorhiza 
Eriogonum ~
'!) 
0 
Table 25. Continued 
Ceofficient of interspecific Coefficient of interspecific 
Group Chi-square association association and chi-square 
IV 
v 
VI 
Atriplex corrugata 
Chrysothamnus viscidiflorus 
Sitanion hystrix 
Eurotia lanata 
~~brata 
Atriplex corrugata 
Chrysothamnus viscidiflorus 
Sitanion hystrix 
Atriplex corrugata 
Chrysothamnus viscidiflorus 
Sitanion hystrix 
~ 
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tions, the species composition of the residual group is likely to fluc -
tuate. Thus, Group II consists of 9 species if coefficient of inter-
specific associat ion is used and of 6 species if a chi-square test is 
applied. The differences here, however, are only in the annual species. 
Association ana lysi s for obtaining 
homogeneous groups 
The differential action of habitat factors of ten leads to hetero-
geneity in vegetation. Such heterogeneity is indicated by the presence 
of interspecific associations between species. I£ the aim of classif i-
cation is to seek potentially homogeneous groups a procedure can be 
adopted for success ive elimination of association between species. I f 
all associations are eliminated the classification will result in a 
large number of groups. The number of groups may be kept small by el imin-
ating on ly the associations for the most frequent species. A method to 
seek such homogeneous groups was attempted by Goodall (1953) for the 
Victorian Mal l ee vegetation in Australia. 
The n1ethod is based on testing for any significant association and 
s eparating the quadrats containing the most freq uen t species forming 
such association. These quadrats are tested for association and simi l ar 
procedure is adopted again to separate the quadrats with the most f re -
quent species showing association. The process is repeated until no 
such associations occur in the remaining quadrats. 
Four procedures were tried by Goodall by applying the above approach 
to: (1) all quadrats containing one of the two species , (2) all those 
quadrats that did not contain one of the two species, (3) those quadrats 
containing both species, and (4) those not containing either of· the two 
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species. The first procedure was found to be the most useful and required 
least computation . 
Associations were explored between all possible combinations through 
chi - square corrected for continuity in 2 x 2 contingency tables. The 
analysis revealed 31 highly significant (P < .001) associations (Table 
22). There was thus no doubt about the heterogeneity of vegetation. 
Microseris nutans was found to be the most frequent species, occurring 
in 36 out of a total of 64 samples, and showing highly significant associa-
tions with a number of species, e.g. Hilaria jamesii and Atriplex confetti -
folia with whom chi - square values of 25.74 and 20.58 were obtained res-
pectively. All quadrats containing Microseris nutans were, therefore, 
set aside (Figure 13). 
Of the 36 samples containing Microseris nutans, the most frequent 
species forming significant associations was Hilaria iamesii, occurring 
in 28 such samples. Accordingly, these 28 samples were separated and 
tested for association. Although Plantago tweedyi was the most frequent 
species, it was not found to form any significant association with the 
other species . Thus no further sub - division of 28 samples \vas indicated 
and these were designated as the first homogeneous group (Group I). 
The remaining 36 samples, set aside at the first and second steps 
(28 and 8 respectively) of the ana l ysis for obtaining Group I we r e recom-
bined and re - examined for associations with respect to the most frequent 
species, Atriplex corrugata, that occurred in 17 samples . The chi-square 
in this case did not show any statistica l significance and t herefore the 
36 samp l es so combined were deemed to be the second homogeneou s group 
(Group II). 
I 
+ 28 
Group I 
I 
+ 36 
I 
Hilaria 
8 
64 
I 
Microseris 
36 
Group TI 
94 
28 
Figure 13. Homogeneous groups based on presence of single species showing 
positive association . 
95 
The composition of Groups I and II is shown in Tabl e 26. The fre-
que ncy , percent, of species in the two groups was calculated and the 
values obtained are included in the table. Frequency values of 50 percent 
and over are shown marked with an asterisk, the only perennial species 
attaining such values being Atriplex confertifolia and Hilaria jamesii 
wh ich are the main dominant species of the shadscale zone vegetation in 
southeastern Utah. The other species that attain high frequency values 
are the annuals Microse ris nutans, Ma lc olm ia africana, Lappula redowski 
and Plantago t weedyi . 
The r e are some species wh ich are common to both the groups obtained 
through the above analysis. Such species can be arbitrarily as s igned 
to one or th e other i f we use peak frequency values to be an indication 
of habitat preference. The two ecologic groups that may be obtained in 
this way are as fo llows: 
Group I. Atriplex confertifolia; Atriplex nuttallii nuttallii; 
Chrysothamnus viscidiflorus ; Eurotia lanata; Tetradymia glabrata; 
Opuntia polyacantha; Sphaeralcea grossulariaefolia; Hilaria jamesii ; 
Oryzopsis hymeno i des; Sitanion hystrix; Microseris nutans; Malcolmia 
africana; Lappula re dowsk i; Bromus tectorum; Plantago t weedyi; Salsola 
kali ; Des curainia sophia; Lepidium densiflorum; Hal ogeton glomeratus; 
Sisymbrium officinalis. 
Group II. Atriplex nuttallii gardneri; Atriplex corrugata; 
Artemisia spinescens; Eriogonurn rnicrothecum; Aster xylorhiza; Eriogonum 
cernuum. 
It is obvious that the first group consists of vegetation primarily 
from Segments I and II, and the second group is composed of vegetation 
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Table 26. Frequency (percent) of species based on pres enc e of single 
species showing positive as sociation. Frequency values above 
50 percent are shown marked with an asterisk 
Spec ies Group 
Atriplex confertifolia 
Atriplex nuttallii nuttallii 
Atriplex nuttallii gardneri 
Atriplex corrugata 
Artemisia spinescens 
Eriogonum microthecum 
Chrysothamnus v iscidif l orus 
Eurotia lanata 
Tetradym~brata 
Opuntia polyacantha 
Aster xylorhiza 
Sphaeralcea grossulariaefolia 
Hilaria j amesii 
Oryzopsis hymenoides 
Sitan i on hyst rix 
Microseris nutans 
Ma lcolmia africana 
Lappula r edowsk i 
Bromus tectorum 
~go tweedyi 
Eriogonum cernuum 
Salsola kali 
De scurainia so ph ia 
Le pidium densif l o r um 
Ha logeto n glomeratus 
Sisymbrium off icinali s 
64>< 
43 
4 
11 
4 
7 
29 
18 
46 
100''' 
32 
4 
100;, 
6P 
54* 
46 
751< 
14 
43 
32 
36 
11 
4 
Group 
19 
44 
47 
22 
17 
3 
44 
14 
8 
11 
22 
42 
39 
28 
6 
42 
11 
8 
II 
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that occurs mostly in Segments III and IV. 
The classification obtained, however, is based on a gross simplica-
tion of r educing the sampling data t o presence and absence values and 
is open to objections. Moreover, the existence of interspecific associa -
tions may oft en be indicative of pattern wi thin a community rather than 
sugges ting further sub- divisions. 
Association analysis using 
correlation coefficient 
Association analyses based on attribute data are liable t o several 
objections (Greig-Smith, 1964; Ramsay, 1964). Presence/absence values 
are not ideal measures to represen t a species and are onl y a part of the 
total data available from sampling . Moreover, small and large species 
receive e qua l count when present even though they may differ widely in 
eco l ogica l influence and rela tionships. 
The nature of the criteria, continous or d i scont inous , to be u sed 
in an analysis wil l affect the results ultimately obtained. Greig -Smith 
(1 964, p . 158), on examining the apparent conflict in the classification 
or ordination of vegetation, states: 
All biological c lassif ication i s , t o some extent, 
a n arbitrary process. No two individual s are identical 
and in practic e we must select certain features on which 
to base a class i fica tion and ignore others. 
Even if the arbi trary simplification is made of 
considering pr esence and absence of s pecies only , the 
important difference be tween stands lies in the amount 
of diffe r e nt species. The accidental occurrence of one 
ind ividual, surv iving for a time in a s tand in a habitat 
in which it norma ll y does no t occur, i s no t indic a tive of 
any special featur e of that stand. We are , in fact, dealing 
with a pop ula tion of individuals (if s tand s may be so re-
garded) which differ from one another in t e rm s of continuous 
variables, of which presence and abs ence are only a crude 
expression. 
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The simple correlation coeff icient (r) provides a measure of the 
degree of linear association based on a quantitative variable such as 
density, cover or basal area. The cano~y cover values were used in the 
present analysis since canopy cover is usually considered to be the most 
important single parameter of a species in its community relations 
(Lindsey, 1956). The data were also arbitrarily combined in groups of 
10 quadrats for the purpose of correlation analysis. 
Correlations among all combinations of species were obtained by 
running a computer analysis on IBM 1620. The value of "r" i s calculated 
from the formula: 
z" 
i =l (xi - x ) (yi - Y 
X. - X ) 2 
1 
Where rxy is the correlation between x and y, 
x 1 and yi are the individual values, and 
x, Y are the mean values. 
It was decided to study the correlations first between the species in 
separate segments. Later on these \Vere used for a group study involving 
all segmen ts. A total numb e r of 26 positive pairs of significan t assoc-
iations were obtained (Table 27). There was on l y one negative association 
whic h occurred in Segment III between Aster xylorhi za and Eriogonum 
~- The total number of posi tive associations in Segments I to IV 
are 10, 11, 2 and 3 respective l y. Of t he total 26 positive associations, 
11 are between the perennials and the annuals, 9 among the annuals and 
6 among the perennials. The positive associations among the perennial 
species along the four gradients (I t o IV) number 1, 2, 2 and 1 respec-
tively . 
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Table 27. Significant correlations (P <: .01) be tween species on the 
basis of corre l ation coefficient 
Nature of Correlation Erosion 
corre lation coefficient gradient Species 
Negative - .457 
Posit ive . 522 
.520 
.455 
. 512 
. 643 
. 566 
. 674 
. 767 
.456 
.452 
.789 
.618 
.696 
. 630 
.468 
.570 
. 455 
.542 
.488 
. 700 
.607 
. 511 
.630 
. 737 
.774 
. 528 
III Aster xylorhiza, Eriogonum cernuum 
Aster xylorhiza , Bromus t ectorum 
Aste r xy lorhiza, Eriogonum cernuum 
Chrysothamnus viscidiflorus, Oryzopsis 
hymenoid es 
Opuntia polyacantha, Bromus tectorum 
Oryzopsis hymenoides, Eriogonum 
cernuum 
~is hymenoides , Salsola kali 
Eriogonurn ~' Salsola kali 
Eriogonum ~' Bromus tectorum 
Bromu s tectorum, Salsola kal i 
~eris nutans~r~a sophia 
II Atriplex confert i fo lia, Eurot i a lanata 
Atripl ex conferti fo lia, Eriogonum 
Artemisia spinescens, Eriogonum ~ 
Art emisia spinescens, Plantago tweedyi 
Eurotia lanata, Oryzopsis hymeno:ldes 
Sphaeralcea gross ulariaefolia, Bromus 
tectorum 
Sphaeral cea grossulariaefolia, Plantago 
tweedyi 
Microseris nutans , Le pidium densiflorum 
Eriogonum ~, Plantago t weedyi 
Bromus t ec t orum, Le pidiurn densiflorum 
Bromus tectorum, Plantago tweedyi 
III Aster xy l orhiza, Oryzops is hymenoid es 
Aster xylorhiza, Eriogonum microthecum 
IV Aster xylorhiza, Artemisia spinescens 
Sphaeralcea grossulariaefolia, Micro-
seris nutans 
~s~utans, Lappula redowsk i 
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Group study of correlation 
coefficients 
A log transformation (Fisher's 2) can be used to combine several 
small sampler ' s by the relationship (Sne decor, 1956): 
[ .!.±..__!"__] >; 1- r 
The values of 11 r 11 from the four segments were combined by using this 
transformation and the results obtained are shown in Table 28. The 
significant corre la tions (P < .01) are shown in Table 29. 
It may be noticed that the correlati ons between an y two species 
differ from one segme nt to the other. A highl y significant correlation 
found in one segment may be replaced by a non-significant correlation in 
the other. In some cases the positive association occuring between two 
species in one segment is changed to a nega tive association in the ot her, 
e.g., Aster xvlorhiza and Eriogonum microthecum. 
The group study brought out 52 significant associations (P < .01) 
among pairs of species; 3 are nega tive and 49 positive. The number of 
significant correlations between various pairs in the f our segments is 
shown in Table 30. 
A constellat ion of plant spec ies (Figure 14) was obtained from the 
results of group anal ys is by the procedures previously outlined. The 
two groups of vegetation brought out by this analysis are: 
Group I. Atriplex confertifolia; Atriplex nuttallii nuttallii; 
Atriplex corrugata; Eriogonum microthecum; Ar temisia spinescens; Eurot i a 
lanata; Chrys othamnus viscidiflorus; Opuntia polyacantha; Aster xylorhiza; 
Sphaeralcea grossulariaefo lia; Hilaria jamesii; Oryzopsis hymenoides; 
Sitanion hystrix; Eriogonum cernuum; Microseris nutans; Malcolmia africana; 
Table 28. Group s t udy of correlat ions among species a l ong t he entire erosion gr adient 
•n 
·n j Cl) M ;::) M H I Ill 0 Q) .u M Ill Ill .u 4-1 ·n 
·n ;::) e ·n H 
M c:: :l ·~ ., Ill I 0 0 •n 1 Ill M 4-1 ·n ·n ~ Q) 0 ..c :l •n ·n ·n ..c Cl) .u Cl) .u M M .u ·n c:: Cl) j H M M 0 :> Ill t 0 j Q) Ill Ill H Ill 0 H ·n 4-1 .u .u 0 .u Cl) Ill Cl) c:: .u .u ·n Ill :l Q) 0 :l :l e c:: c:: M Ill ~ 0 c:: c:: Ill E ~ 0 Q) j Ill M Ill 0 ~ ~ ~ ~ ~ ·n ..c M c:: Cl) Ill .u ~ Ill Ill 0 ·n ·n 0 H ·n -M E .u Cl) H Q) Ill H c:: Q) 0 Q) Ill ·n Ill Ill ,.. .u H H .u ..c M M .u .u H :l ..c Cl) 0 ·n ·n ecies < < ~ u < C/) 4-1 ::r:: C/) s 
AtriE l ex nutta11i i nut t a11ii -. 106 
AtriElex nut ta11ii gardneri -. 221 
AtriE l ex corrugata - .073 - .360 
Eriogonum mrcrothecum - .092 .443 - . 293 - . 135 
- .010 - .084 
Artemisia SEi nescens - . 073 -.057 -.235 . 199 -.067 
.255 - .067 - .315 
.214 
Eurotia lanata .835 - . 119 - .248 - .099 -. 125 .368 
. 031 - . 107 -. 119 -. 099 
Chryso t hamnus viscidif l orus .995 - . 102 - .067 - .084 -.067 . 776 
-. 060 
- . 071 
Tetradymia glabr ata -. 097 - .242 - . 088 -. 111 - .088 
- .117 -. 088 
0Euntia Eolyacantha - . 073 - .360 1.000 - .084 -.067 - .099 -.067 -. 088 
. 286 
- . 112 - . 120 
Aster xylorhi za - .095 .202 - .422 .153 -.094 .860 
-.044 - .086 - . 114 - .086 
.030 .145 - .086 .810 -. 054 
-. 128 - .147 . 312 
- . 012 . 258 
-.138 
SEhaeral cea grossular iaefol ia -.102 - .164 .101 - .079 .062 - .067 .398 - .094 - .038 - .094 - .094 
-. 473 - .421 - .094 - .067 . 006 
-.129 - . 139 - .247 .147 
- .097 - .077 
.358 -.116 
. 291 
Hilar ia jamesii -. 076 - .119 .234 - .075 - .136 -. 177 
-. 095 - .072 - .166 - .075 .182 . 889 
. 032 -. 382 .126 - . 010 
-.067 - .309 .169 .021 .970 
-.386 . 149 -.433 
OryzoEsis hymenoi des .590 . 149 - . 406 - .156 .822 -. 129 
- .108 .604 - .206 - .156 .822 - .149 - .108 
. 173 .175 . 507 -. 156 .391 . 532 . 138 - .201 - .17 1 -.203 
- .142 . 348 - .347 -.033 
Si tanion hys tr i x - .051 
-. 067 .998 - .112 -. 138 - .163 -.293 .540 
Eriogonum cernuum - .083 - .225 .010 - .073 - .098 - .098 . 322 -. 076 - .100 - .076 - .137 -. 098 - . 277 - .449 - . 122 
·· .372 -.123 - .076 - .494 . 158 
- .113 - .130 . 865 -. 605 - .107 
-
- .148 .014 
-.055 . 067 
-.122 -. 052 - .104 ~ 163 .311 
. 335 - .297 
Table 28. Continued 
Species 
Microseris nu tans 
Ma1co1mia africana 
Lappu1a redowski 
Bromus tectorum 
Plantago tweedyi 
Sa1so1a kali 
Descurainia sophia 
Lepidium densif1orum 
Halogeton g1omeratus 
Sisymbr ium officina1is 
- .066 
- .320 
-.094 
.069 
-.083 
-.330 
-.082 
.184 
-. 231 
-. 246 
-.077 
. 179 
- .073 
- .657 
-. 076 
.196 
-.073 
-.526 
.338 
-.119 
- .404 
.032 
- .389 
-. 209 
-.406 
-.424 
.107 
. 506 
-.416 
-. 420 
-.360 
-.248 
-.435 
-.188 
-.006 
- .082 
. 008 
- .076 
-. 048 
-. 086 
- . 074 
- .210 
.172 
.186 
-.114 
-. 067 
-. 069 
1.00 
-.098 
.148 
-.119 
- .074 
-.096 
.028 
-.070 
- .122 
-. 375 
- . 092 
-.049 
-. 076 
- .160 
-. 110 
-.084 
-.087 
-.084 
-I 
. 148 
.368 
-.082 
- . 14 7 
.193 
- .076 
- .122 
. 517 
-.086 
- .·.070 
.558 
-. 076 
- . 127 
-. 110 
-. 067 
-.069 
-. 067 
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-.093 - . 060 -.093 -.082 .073 .398 .974 -.108 - .202 - .168 
1 . 000 -. 215 -. 107 - .044 . 936 -.067 - . 153 .322 
-.100 -.100 . 990 . 319 - .450 - .076 
.047 . 195 - .182 
- . 116 -.087 - . 094 - . 076 -.128 - .015 .968 - .053 .082 - .215 .993 
. 163 .135 - . 272 .122 -. 147 -.098 - .117 - . 221 - . 140 
.183 -.109 .986 -.195 -.105 - . 053 . 163 
-.379 . 274 -.196 - .310 
-.114 -. 075 -.058 -. 086 -.172 -.097 . 964 -.097 .011 .012 . 998 . 992 
.211 . 023 -.262 -.129 .919 - . 211 -.142 . 103 .848 - . 007 
-.159 - .089 .988 -.0002 .155 - . 064 .211 .206 
.197 . 399 - . 136 .191 .196 
-.111 -.074 -.098 - . 074 -.086 .994 .980 - . 171 -.193 -.084 .998 .990 .995 
- . 193 - . 207 .481 . 689 -.220 . 284 . 346 . 556 - .153 -.451 -.384 
-.313 -.210 - . 232 -.210 . 302 .204 . 277 -.337 -.045 -.135 .128 .119 . 102 .176 
-.125 -.043 - . 150 - . 147 - . 362 .420 -.016 -.118 .079 - . 062 -.069 .131 
-.081 -.075 - . 168 .186 - . 106 -.076 -.205 -.020 -.125 - .111 - . 113 -.020 -.104 -.142 -. 238· 
-.125 - .133 .057 -.164 -.145 .171 . 731 -:144 - . 108 - .127 -.119 .360 .004 
.344 -.287 -.196 - . 361 -.095 .283 
- .099 - . 067 -.088 -.067 -.154 - .llO .975 -.156 -.183 - . 161 -.123 .108 .063 .997 .126 -.124 
-.183 - . 196 -.212 -.086 .988 .085 -.390 -.076 .999 .994 .998 .078 .045 -.127 
.227 .435 -.245 .762 -.417 .185 -.305 
-.103 - . 069 -.091 - . 069 -.089 .991 .977 -.161 - . 197 -.078 .999 . 993 .997 .999 .145 - . 131 .999 
.403 - .200 -.171 -.407 - . ll4 . 169 -.249 -.086 -.090 .398 -.088 - . 315 . 349 - . 025 -.321 
-.099 -.067 -.088 1.00 -.086 -.094 - . 075 - .156 -.110 - . 076 -.082 -.076 - . 086 -.074 -.210 .186 -.067 -.069 
- .llO - .ll8 -.146 . 109 .256 -.006 .210 - . 022 . 184 - . 087 .391 -.008 -.220 .475 .450 -.105 
-.067 -.071 .089 -.138 - .163 -.263 -.142 - . 067 -.122 -.059 - . 069 -.159 -.193 -.284 -.056 -.183 .103 - .llO 
104 
Table 29. Significant correlations (P < .01) based on group study of 
correlation coefficients 
Nature of 
correlations Species 
Negative Atriplex confertifol ia, Descurainia sophia 
Atriplex conferti f olia, Halogeton glomeratus 
Aster xylorhiza, Eriogonum ~
Positive Atriplex confertifo lia, Eurotia lanata 
Atriplex confertifol ia , Chrysothamnus viscidiflorus 
Atriplex confertifolia, Oryzopsis hymenoides 
Atriplex nuttallii nuttallii, Salsola kali 
Atriplex corrugata, Opuntia po~h-a-­
Atriplex corrugata, Halogeton glomeratus 
Eriogonum microthecum, Aster xylorhiza 
Eriogonum microthecum, Oryzopsis hymenoides 
Artemisia spinescens, Aster xylorhiza 
Artemisia spinescens, Lappula r edowski 
Artemisia spinescens, Plantago tweedyi 
Eurotia lanata, Chrysothamnus viscidiflorus 
Eurotia lanata, Microseris nutans 
~h~viscidiflorus~opsis hvmenoides 
Chrysothamnus viscidiflorus, Sitanion hystrix 
Opuntia polyacantha, Eriogonum cernuum 
Opuntia polyacantha, Halogeton glomeratus 
Aster xylorhiza, Oryzopsis hymenoides 
Aster xylorhiza, Bromus t ectorum 
Sphaeralcea grossulariaefolia. Microseris nutans 
Sphaeralcea grossulariaefolia, Malco lmia a~a 
Sphaeralcea grossulariaefolia, Bromus tectorum 
Sphaeralcea grossulariaefolia, ~ainia sophia 
Sphaeralcea grossulariaefolia, Le pidium densiflorum 
Sphaeralcea grossulariaefolia, Hilaria james ii 
Hilaria j amesii , Microseris nutans 
Hilaria jamesi i, Malcolmia africana 
Hilaria jamesii , Lappula redowski 
Hilaria james ii, Lepidium densiflorum 
Hilaria jarnesii, Bromus tectorum 
Hilaria j amesii, Desc urainia so phia 
Oryzopsis hymenoides, Si tan i on hystrix 
Oryzopsis hymenoides, Salsola kali 
Eriogonum ~' Bromus tectorum 
Mic r oseris nutans, Lappula r edows ki 
Malcolmia africana, Microseris nutans 
Malcolmia africana, Lappula red~ 
Malcolmia africana, Bromus tectorum 
Malcolmia africana, ~ainia sophia 
Malcolmia africana, Lepidium densiflorum 
Table 29. Continue d 
Nature of 
corre lations Species 
Positive Microseris nuta ns, Bromus tectorum 
Microseris nutans , ~ainia sophia 
Microseris nutans , Lepidium densiflorum 
Bromus tectorum, Lappula redowski 
Bromus tect or um , Lepidium densiflorurn 
Lappula redowski, Lepidium densiflorum 
Lappula redowski, Descurainia sophia 
Lappula r edowsk i, Sisymbrium officinalis 
Lep idium densiflorum, Descurainia sophia 
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Table 30. Total number of significant (P < .01) correlations among species on the basis of gr oup study of correlation coefficients 
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Atriplex nuttallii nuttallii 
Atriplex corrugata 
Eriogonum microthecum 
Artemisia spinescens 
Eurotia lanata +1 
Chrysothamnus viscidiflorus +1 +1 
Opuntia po lyacantha +1 
Aster xylorhiza +1 +1 
Sphae ralcea grossulariaefolia 
Hilaria jamesii +2 
Oryzopsis hymenoides +1 +2 +2 +1 
Sitanion hystrix +1 +1 
Eriogonum cernuum +1 -1 
Microseris nutans +1 +2 +1 
Malco l mia afr icana +1 +1 +1 
Lappula redowski +1 +1 +2 +1 
Bromus tectorum +1 +1 +1 +1 +1 +1 +1 
Plantago t'11eedyi +1 
Salsola kali +1 +1 
Descurainia sophia -1 +1 +1 +2 +1 +1 
Le pidium densiflorum +1 +1 +1 +1 +1 +1 +1 
Halogeton g lomeratus -1 +1 +1 
Sisymbrium officinalis +2 
Number of significant correlations i s shown among pairs of s pecies in the four segments. 
+ indicates pos i t i ve correlation . 
- indicates negative correlation. 
Descuroinio 
~.-------AEurotio 
ka li tenuifloro 
Atriplex 
nuttallii 
nuttallii 
grossuloriaefolia 
cernuum 
Ia nato 
F igure 14. Constel l ation of p lant spec i e s based on g r oup stud y of 
si gnifica nt corre la t i ons . 
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Lappula redowski; Bromus tectorum; Plantago tweedy i ; Salsola kali; 
Descurainia sophia; Lepidium densiflorum; Halogeton g l omeratus; 
Sisymbrium off icinalis. 
Group II. (Species not showing significance) . Atriplex nuttallii 
gardneri; Tetradymia gl abrata. 
Ordination of Ve ge tation Us ing Factor Analysis 
The multivariate t echnique of factor ana l ys i s l ends itself com-
mendably to the ord ination of vegetation . Its extensive use in psy-
chology (Jarvick, 1963; Hol zinger and Harman, 1941; Hott e lling , 1933, 
1957; Spearman, 1927) preceded the recent applications in othe r sciences. 
A complex set of phenomena is exam i ned in terms of correlations, with 
the analysis being designed to expre ss them as a func t ion of a small 
number of new variables. Correlation between factors is permitted 
and is necessary if a simple s t ructure is to be obtai ned (Sokal and 
Sneath, 1963). This is an advantage over other s tati s tica l techniques 
like multiple r egression . Catte ll (19 65, p. 190) expound ing the pur-
pose and underlying mode l s of factor analysis, states: 
Factor analysis aims to explain observed rela-
tions among numerous variables in terms of simp ler 
relati ons. The simp licati on may consi st of producing 
a se t of c lass i ficatory categories, or creating a 
smaller number of hypothetical variables. Such re-
so lution i s . . . central to all scientific work . . 
It s most va l uable function s lie in the bio l og ical 
and behavioral sciences, where a great arr ay of 
phenomena are multiply determined and where the 
i:once ptual " independent variables are not easily 
located and agree d upon . 
Of the two aims of factor analysis commonly 
ment ioned , namely, the seeking of basic under l ying 
inf l uences, and the development of classificatory 
schemes, some confusion repeatedly arises about it s 
role in the latter. Actually, fac tor ana l ys i s 
i s a way of classifying manifestation s or vari -
ab le s, but not, immediate ly,the produ cer of a 
taxonomy of organisms. 
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The term factor, a s used in factor analysis, is a quantitative meas ure 
of the corre la tion existing bet"tveen a se t of variables. It is the aim 
of factor analysis to trace and quanti fy the underlying hypothetical 
variables (Ferrari et al., 1957) . 
The mathematical principles and computations of factor analysis 
are treat ed in a number of books. Brief and explic i t accounts are 
provided by Cattell (1965) and Kendall (1965) . The applications of 
f actor analysis to agricultural and ecological investigations are men-
tioned by Fer r ari et al. (1957) and Greig-Smith (1964). The use of 
f ac tor analysi s primarily in the ordination of vegeta tion was made by 
Goodall (1954a) and Dagnelie (1960). Geolog ical aspects of fac t or 
ana lys is are cove red by Krumbein and Graybil l (1965). 
The techniques of factor analysis may be divided into "Q-techniques " 
and "R-techniques , '' depending on whether use is made of correlations 
among individuals (or samples) or correlations among the variables 
themselves. The t wo most wide l y used me thod s fo r calculating loadings 
on different factors are: (1) the method of " principal axis," and 
(2) the centroid method . The former has properties that commend it to 
mathematicians . The latte r is a substantial computation- saving approx-
imation to the principal axis me thod (Catte ll, 1965). With the advent 
of e l ectronic comput e rs, the method of principal axis has found greater 
use than the centroid method; some arbitrary decisions may still be 
made to keep computation time to a minimum. 
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The ordination of vegetation in mor e than three dimensions was 
attempted for the study area by using the multivariate technique of 
factor analysis. The quadrats were arbitrarily combined in groups of 
10 and, as a time-saving device, an arbitrary decis i on was made to 
include only thos e species in the analysis that occurred in more than 
15 percent of the grouped quadrat s . The resulting exc lusion of the 
rare species, hmvever , ~vas defended on two add it i onal reasons: (1) 
rare events are subject to great statistical errors (Cottam et al ., 
1953; Greig -Smith, 1964), and (2) rare spec i es occur so sparingly that 
little valid knowledge is available about their interpretation (Curtis , 
1959). The grouping of quadrats hleped to reduce the number of zero 
values in the sparse data matrix ; otherwise an excessive weight is 
either given to the absence of a common attribute or th e presence 
of a rare one (Williams and Dale, 1962). 
Although the number of zeros was considerably reduced by the above-
mentioned arbitrary combination of sub - samples , the procedure sugges t ed 
by Wi lliams and Dale (1962) in cases of spar se data was also adopted to 
partition the correlation matrix. This partition is based on the sum 
of a qualitative (L) vector and a quantita tive (N) vec t or . The matrix 
L/L contains all the purely qualitative information, and the matrix 
N/N summarizes the quantitat i ve re lationships among the pa irs of species. 
A Fortran program to perform the partition of the main correlation 
matrix into the above-mentioned components and to carry o ut f acto r 
analysis by the method of principal axis was provided by the Utah State 
Universit y Computing Center . The matrices of corr e lation coefficients 
for all possible combinations (105 pairs ) obtained in the analysis 
are given in Tables 31 and 32 . The "loadings" of species (factor 
Table 31 . Matrix of correlation coefficients based on canopy cover values in the qualitative (L/L) matrix 
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Table 32 . Matrix of correlation coefficients based on canopy cover values in the quantitative (N/N) matrix 
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AtriElex nuttallii nuttallii - .009 
AtriElex nuttallii gardneri 0 . 0 .005 
AtriElex corrugata 0.0 .046 0.0 
Aster xylorhiza -.040 - . 137 -.343 - .035 
SEhaeralcea grossulariaefolia - . 013 - .031 0 . 0 .011 .076 
Hilaria jamesii .126 -.200 .0003 .019 - . 059 .051 
Oryzo2sis hymenoides -.070 .007 .004 0.0 .015 .039 - . 014 
Eriogonum cernuum .121 -.001 -.139 .033 .048 .024 .016 .020 
Microseris nutans -.813 -. 047 .005 - .017 . 032 .016 .230 -. 042 - .050 
Malcolmia africana - . 016 .063 .019 . 231 -. 005 .099 .075 .041 0.0 - .091 
LaEEula redowski .016 . 096 -.004 .047 .125 -.005 - . 214 - . 133 - . 066 - .103 -. 066 
Bromus tectorum .274 -.138 0.0 0.0 -.002 .229 - .014 . 023 .458 - .081 -. 022 - .036 
Plantago tweedyi -.081 .240 0.0 0.0 -.144 .248 .144 . 072 -. 080 - .085 - . 014 -. 064 .123 
Salsola kali - . 060 .101 0.0 .023 . 072 -.024 -. 058 - .120 . 388 -.141 - .052 .124 .293 - .120 
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coefficients) f o r the two factors extr acted are pr ovided in Table 33. 
A number of criteria have been suggested for determining the number 
of fac t ors that may be extracted from the correlation matrix (Cattell, 
1952; Harman, 1960); many are cumbersome and some may even lead t o 
contradictory conclusions (Howard and Gordon, 1963). The general 
practice, as stated by Howard and Gordon, has been to rely upon rules 
of thumb . Among these is the "recommendat i on that principal axis 
factoring end at the point whe n eigen-values fall below l.OO" (Harman, 
1960, p. 363). Another common practice is to cease facto ring when there 
is a sharp break in the amount of variance r eduction be tween two adja-
cent factors. The first fac tor usually accounts for most of the covar-
iation, which is successive ly reduced by each subsequent factor. 
The matrix L/L was fo und to contain most of the information. The 
positive l oadings on first factor are provided by Atriplex nuttallii 
gardneri (.31), Atriplex corrugata (.20), Ast er xylorhiza (.17), and 
Eriogonum _c ernuum (. 17) . The r emaining species, of which the important 
ones are Atriplex confertifolia (-.3 1), Atriplex nuttallii nuttallii 
(-.18), Sphaeralcea grossulariae fo lia ( - .21), Hilaria jamesii ( - . 43) 
and Oryzops is hymenoides (-.16), have negative coefficients. The 
species with positive coef f icients are those that ar e mostly confined 
to the lower segments (III and IV) of the erosion gradient . This fac -
t or may therefore be deemed to represent the edaphic and ecologic 
characteristics t ypified by these two segments. On considering the 
highest positive loading ( . 31, for the dominant shrub Atriplex nuttallii 
gardneri), we are led to believe that this factor is more a representa-
tive of Segment III where saltsage (Atriplex nuttallii gardneri) and 
Aster xylorhiza (.17) are the two most impor t ant perenn ia l species. 
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Table 33. Factor coefficients of the first two fac tors based on 
presence/ab sence data and canopy cover values 
Code Qualitative Quantitative 
number matrix matrix 
for {L/L) {N/N) 
SEecies SEecies Factor A Factor B Factor A Factor B 
Atri[>lex confe rtifolia -.31 -.16 .23 . 17 
Atri[>lex nuttallii -.18 .05 - .04 -.17 
nuttallii 
4 Atri[>1ex nuttallii . 31 -.41 -.14 .16 
gardneri 
3 Atri[>lex corrugata .20 .50 .02 .02 
Aster xylorhi z a .17 -. 41 .13 -.27 
15 S[>haeralcea gross- -.21 .05 .15 .30 
u lariaefolia 
8 Hilaria jamesii - .43 -.13 -.05 . 51 
12 Oryzops is hymenoides - . 16 - .05 -.04 . 17 
Eriogonum cernuum . 17 -.45 .56 .04 
ll Microseris nutans -.38 . 001 - . 18 .21 
10 Malcolmia africana - .18 . 25 -.04 .12 
La[>[>ula redowski -.13 .10 .05 -.47 
Bromus tectorum - .28 - . 25 .57 .23 
13 Plantago tweedyi -.36 -.17 .01 .32 
14 Salso1a kali -.18 .004 .46 - . 21 
The second factor for the qualitative (L/L) matrix contains the 
highest positive l oadings in case of Atr ip l ex co rrugata ( .50) and 
Malcolmia africana (.25). High negative loadings are provided by 
Atriplex nuttallii gardne ri (-.41), Atriplex confertifolia (- . 16), 
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Aster xylorhiza (-.41), Hilaria jamesii (-.13), Eriogonum ce r nuum (-.45) 
Bromus tectorum (-. 25) and Plantago tweedyi (- .17). Atriplex corrugata 
and Malco l mia africana, the two spec i es wit h the highes t positive coef -
ficients, are those that vegetate Segment IV where the former has the 
highest constancy values. This factor may therefore be considered to 
be representing the edaphic and o ther ecol ogic characteristics of 
Segment IV. 
An ordination based on the factor space of 15 s pecie s in the L/ L 
matrix is shown in Figure 15. The specie s occurring close together 
suggest simi larities in ecological response. The fo llowing groups may 
be arbitrarily defined: 
Group I. Atriplex corrugata. 
Group II. Atriplex nuttallii gardneri ; Aster xylorhiza; Eri ogonum 
~· 
Group III. Atriplex nutt a llii nuttallii ; Sphae ralcea grossu lariae-
folia; Microseris nutans; Lappula redmvski; Malcolrnia ~; Salsola 
kali. 
Group IV. Atriplex confer tifo lia ; Hilaria james ii; Oryzopsis 
hymeno id es ; Bromus tectorum ; Plantago tweedyi . 
In terms of the dominant and associated species, these four eco l o-
gic groups appear to be quite s imilar to the syneco l ogic units delinea-
te d by Ibr ah i m (1963). 
II 
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Figure 15. Ordination based on f a c t or s pa ce of 15 species in the qualitative (L/ L) ma t r i x . 
Species code is g iven in Table 33. 
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The ordination ba sed on the quantitative mat rix (N/N) did not 
yield equally good results in the present st udy . The factor space of 
15 species obtained from this analysis is plotted in Figure 16. The 
following four ecologic groups are arbitrarily obtained: 
Group I. Aster xylorhiza; Lappula redowski; Salsola kali. 
Group II . Atriplex confertifo lia; Atriplex corrugata; Sphaeralcea 
grossulariaefolia; Bromus tectorum; Eriogonum cernuum, Plantago tweedyi. 
Group III. Atriplex nuttallii gardneri; Hilaria jamesii; Oryzopsis 
hymenoides; Microseris nutans; Malco lmia africana. 
Group IV. Atriplex nuttallii nuttallii. 
The r e sults further substantiate that most of the information 
lies in the L/L, rather than the N/N, matrix . Most of the species in 
the N/N factor space are widely scattered. Species near the origin 
(like Atriplex corrugata) are usually such that their occurrence is not 
closely linked to the value of the factors. Thus, mat saltbush (Atriplex 
corrugata) though arbitrarily combined with group II above, does not 
necessarily show a close affinity with the other species included in 
the group. The arbitrary nature of groupings obtained in such cases 
cannot be over - emphasized. 
Ordination of Vegetation Using 
Cluster Analysis 
Cluster analysis i s a general term which include s a large class 
of numerical techniques for defining groups based on high similarity 
coefficients (Soka l and Sneath, 1963). Most of the available clustering 
techniques provide clusters by single linkage, complete linkage and 
average linkage; some provide central or nodal clustering. 
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Figure 16 . Ordinat i on based on factor space of 15 species in the quanti t a tive (N/N) matrix . 
Species code is given in Table 33. 
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A wide choice of sim.ilarity coefficient s is avai lable for measur-
ing the degree of similarity (Dice, 1945; Jaccard, 1912; Kulczynski, 
1937; Rogers and Tanimato, 1960; Russell and Rao, 1940; Sakal and 
Michener, 1958; Saka l and Sneath, 1963; Sorensen, 1948). 
The following index was used in the present analysis: 
Coefficient of similarity 1}i_ X 100, 
A+B 
where A is the sum of all values for the first enti ty, B is the sum 
of all values for the second entity, and W is the sum of low values in 
common between the two entities. The cluster analyses were carried out 
both for among locations (Q-analysis) and for between species (R-
analysis) while using the same data matrix . Both analyses are poss ible 
from the same set of data by interchanging rows and columns of the 
matrix. 
The data were grouped according to l ocations and individual 
s pecies by averag ing the canopy cover and frequency percent values of 
the two transects at each location. The combination of the two 
parameters provided an integrated and composite measure of the contr i-
bution of each species to th e vegetation under study. 
An IBM 1620 fortran program was used to calculate the indices of 
simi larity. The values of th e raw data were changed to relative values 
before computing the similarity coeff icient s. A 32 x 32 matrix was 
obtained for the simi larit y coeffic ients among locations (Table 34), and 
a 26 x 26 matrix for those between species (Table 35). 
Tabl e 34. Matrix of indices of similarity between l ocations 
Locations 1 2 3 4 5 6 7 8 9 10 
1 
2 55.5 
3 55 .4 71. 3 
4 45.8 58.9 55.7 
5 39.9 58 . 4 63 . 8 64.7 
6 63.5 67 . 6 71.8 48.4 51.8 
7 68 . 6 69 . 9 77.5 56 . 3 68.3 76 . 6 
8 61.2 65.1 72.5 47.7 60.2 73.7 79 . 0 
9 44.7 45 .1 41.1 33.8 23.5 53 . 7 38.6 42.9 
10 33.8 48.6 35.8 41.7 36.0 28.0 34 . 1 37.7 47 . 7 
11 42 . 6 52.7 52.6 44.2 34 .5 46.3 44 .4 46.9 61.8 59.1 
12 43.1 53.6 44 . 6 30 . 1 25.1 40 . 4 37 . 7 36.6 67 .0 64.1 
13 11.0 23.2 14 .2 27 . 0 19.6 8 . 9 17.8 17.1 34 . 0 54.0 
14 26 .8 37 . 8 34 .5 36 . 3 36.8 29 . 3 33 .4 40 . 0 51.1 66.2 
15 57.9 57 . 1 51.2 44.7 40.7 71.6 57 . 8 59.2 60.3 44.1 
16 52.6 50.1 42.7 45.9 36.9 60.8 54 . 0 53.5 73.8 61.6 
17 16.5 12 . 8 5.2 14.2 6.6 0.0 7 . 6 9.7 12.6 15.9 
18 16 .6 6.7 6.7 8.3 8.9 6.7 6.7 12 . 3 14.1 8.9 
19 14.0 3.9 2.6 3.0 0.0 0.0 1. 0 6 .3 9.3 3.0 
20 12 . 6 3 . 6 2.6 2.7 0 . 0 0 . 0 1.0 6.0 10.1 2 . 7 
21 13.2 2.4 1.5 6 . 1 1.5 0.0 1.5 4.8 10.5 9.4 
22 16.0 8.9 6.6 8.5 7 . 8 1.9 5.0 12.5 16 . 7 12 . 2 
23 4.1 0.9 0.0 0.0 0.0 0.0 1.0 0.0 6 . 2 3.0 
24 14.0 3. 3 2.4 2.4 0 . 0 0.0 1.0 5.7 8 . 7 2 . 4 
25 4.1 5.2 2 . 6 3.0 0.0 0.0 1.0 3.2 6 . 3 9.1 
26 5.8 21. 0 25 . 5 17.6 25.4 17.6 22.9 28 . 6 9.4 24 . 5 
27 3.1 19.4 13.5 15.8 14 . 6 9 . 4 15 .0 17.1 5.2 10 .9 
28 0.0 17.6 10.4 25 .1 16.5 6.2 11 .8 14 .0 5.2 8.9 
29 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0 . 0 
30 12.6 5.3 5.3 5 .3 5.3 2.6 5 .3 8.6 7.3 5.3 
31 9.5 27.3 10 . 4 16.2 13.2 2.5 13.4 10. 0 6 . 2 37 .5 
32 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0 . 0 0 . 0 
11 12 13 15 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
66.9 
43 . 1 36 . 9 
56 . 5 54 .2 60 . 7 
48.4 44.1 25.1 49 . 2 
63 . 1 66.1 45.5 61. 3 71.1 
11.5 4.3 19. 8 10 . 8 8 .9 9 . 8 
8.3 6.7 14.6 8.9 8 .9 8 .9 48.8 
3.0 0 . 0 3.0 3.0 3 . 0 0.0 39.1 57 . 3 
2 . 7 0.0 2.7 2.7 2.7 0.0 37 . 9 40.6 83.1 
11.5 6.9 38.7 4 . 7 4 . 7 8.9 55.8 50. 5 23.5 19.8 
12.6 6.1 11.9 14 . 2 12.2 8 . 1 58.3 41.0 68 .3 67.1 35.4 
3.0 3 . 0 3.0 3.0 3.0 3.0 30.2 51.7 79.6 69.5 14.3 61.5 
2 . 4 0 . 0 2.4 2.4 2.4 0.0 38. 9 64 . 3 92.4 75.8 23 . 9 66.4 84.8 
3.2 4.3 10.2 10.2 7.8 0.0 9 . 8 0 . 0 13.2 13.0 0.0 14 . 3 10.2 12 . 7 
16.0 10 . 8 26.7 26 . 0 21. 2 11 . 8 9.1 4 . 8 3.0 2 . 7 4.1 10.0 0.0 2.4 69.4 
7.9 9 . 6 15.2 10 . 5 9.4 8.7 9 .8 0.0 3 . 0 2.7 1.5 7.1 0 . 0 2.4 77.4 68.0 
4 . 8 6.4 13 . 3 8 . 5 7.5 5.5 11.0 0.0 3 . 0 2.7 1.5 6.0 0.0 2.4 69.1 66.0 86.3 
0.0 4 . 3 0.0 0.0 0 . 0 0.0 0 . 0 0 .0 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 79.4 59.1 74 . 2 64.7 
4.3 9. 1 5.3 5.3 5 .0 5.3 18. 4 13.0 12.3 11.2 14.5 19 . 7 2 . 6 12 . 6 78.9 64.3 79.6 67 .3 78 . 9 
10 . 6 21.9 16 . 6 11.9 10.1 8.1 11 . 8 0 . 0 3.0 2 . 7 1.5 8 .0 0 . 0 2.4 60.7 65.8 70.8 70 . 5 55 . 5 60.7 
0 . 0 4.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0 . 0 0.0 0 .0 79.4 59 . 1 74.2 64.7 100 . 0 78.9 55 . 5 
Table 35. Matrix of indices of similarity between species 
Species 
Atriplex nuttall ii nuttallii 
Atriplex nuttallii gardneri 
Atriplex corrugata 
Eriogonum microthecum 
Artemisia s pinescens 
Eurotia lanata 
Chryso t hamnus viscidiflorus 
Tetradymia glabrata 
Opuntia polyacantha 
Aster xylorhiza 
Sphaeralcea grossular iaefolia 
Hilaria jamesii 
Or'yzopsis hymenoides 
Sitanion hys t rix 
Eriogonum cernuum 
Microseris nutans 
Malco lmia africana 
La ppula redowski 
Bromus t ectorum 
Plantago tweedyi 
Sa l so l a kali 
Descurainia sophia 
Le pidium densiflorum 
Haloge t on g l omeratus 
Sisymbrium officinal is 
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15. 6 
25.7 
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11 .8 
8 .2 
68.4 
45.3 
17.9 
48.6 
43.4 
32.6 
50 . 8 
54.4 
18 . 3 
12 . 3 
3.2 
0.9 
18.3 
8 . 8 
20.7 
10.3 
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0 . 0 
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22 . 4 
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g-analysis 
An IBM 1620 Fortran program was used to carry out Q-analysis of the 
32 x 32 matrix of similarit y coefficients by the weighted pair-group 
method of Sakal and Sneath (1 963) . This technique permits the two most 
highly correlated st ems to jo in at each clustering cycle. The relative 
levels of affinity obtained we r e plotted against locations in a dendro-
gram (Figure 17). 
The stems in each linkage fol low the highest to the lowest level 
of affinity. Four major stratifications of vegetation are evident from 
this analysis and correspond to the four segments of the erosion gradient. 
Each segment shows close similarity among locations within that segment. 
The relative level of affiniti es in Segment IV is much higher than that 
in Segments I, II, and III, ther eby indicating that the vegetation here 
is more homogeneous than in the other segments. 
R-ana lysis 
By interchanging rmvs and columns in the original data matrix, a 
cluster analysis for species affinities by R-analysis was obtained . A 
dendrogram (Figure 18) was plotted to show the relative level of affinity 
among species. Th e most highly associated species were placed in the 
center and the least associated xeric and mesic species on the left and 
the right sides respectively. 
The environmental gradient represented by the four component segments 
is obvious from the R-analysis. The main cluster consists of species in 
which the dominant is shadscale (Atriplex confertifolia). I t has 11 
species of which the important associa ted species are galleta grass 
(Hilaria jamesii) and prickly pear (Opuntia polyacantha). The environ-
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Figure 17. Hierarchical dendrogram showing cluster relations among locations in the four segments 
of erosion gradient (Q-analysis). 
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mental gradient in this case (Segment I) is the least xeri.c of the four . 
The othe r main c luste rs show aggregation o f species around saltbush 
(Atripl ex nuttallii nuttallii) and saltsage (Atriplex nuttallii gardneri). 
The total number of species in the two clusters is 5 and 6 species 
respectively. The important associated species in the saltbush c luster 
are winter fat (Eurotia lanata), little leaf horsebrush (Tetradymia 
glabrata), and scarlet globe mallow (Sphaeralcea grossulariaefolia). 
These species occupy the eroded sites of the pediment remnants (Segment 
II). 
Bud sagebrush (Artemisia spinescens), woody aster (Aster xylorhiza), 
and Indian rice grass (Oryzopsis hymenoides) are the important species 
associated wi th the saltsage cluster. These species occupy areas where 
Mancos bedrock shale has been exposed to the ground surface (Segment III). 
The species at the most xeric end of the dendrogram is mat saltbush 
(Atripl ex corrugata). This species is the dominant one on Segment IV of 
the gradient used in the study and occurs in almost pure stands. 
The numerical analyses shown in the dendrograms fully substantiate, 
in general, the results of the other anal yses attempted in the present 
s tud y and also the synecological units derived by Ibrahim (1963). A 
hihgly original Q-analysis may be possible by attempting a cluster 
analysis among locations based on the soil characteristics previously 
studied by Ibrahim (1963). However, it remains to be seen whether the 
R- analysis obtained from the soil data matrix could provide adequate 
estimate of synecologic affinities from consideration of edaphic factors 
alone. 
GENERAL DISCUSSION 
Quantitative Methods in Classification 
and Ordination of Vegetation 
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The community concept is one of the most important principles in 
ecological thought (Odum, 1959). A community has been variously descri-
bed as a sociological unit of any rank, occupying a territory and having 
a characteristic composition and structure (Cain and Castro, 1959), 
or an aggregation o f living organisms having natural relationships 
among themselves and to their environment (Oosting, 1956). Diverse 
approaches have developed in different schools to classify vegetation 
(Whittaker, 1962). 
Classification is mainly determined by the purpose for which it is 
t o be made (Gilmour, 1960). Any classification can be regarded as a 
mental exercise whereby given series of data are put together in one of 
a number of different ways (Rowe, 1962). The same material may be clas-
sified differently to suit different purposes (Moore, 1962). The aim 
in such studies is to portray realistically the condi tions found in 
nature so that the mental abstraction may approximate the reali t ies 
and insure that the units obtained wi ll represent the entities that 
exist in nature (Woodbury, 1954). 
Statistical measures provide a quantitative evaluation of similar-
ity between vegetation stands or species. These measures offer an objec -
tive es timat e of the measurable relations of one entity to the other. 
The various correlation and similarity coefficients employed in the study 
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are based on the assumption that the vegeta tion stands occurring more 
often together may belong to the same vegetation type. These coeffi-
cients, therefor e , provide a useful means of determining whether or not 
such vegetation stands should constitute the same communit y. The nature 
and size of such vegetat ion units will largely depend on the method 
used for the collection and analysis of data. 
The environmental factors, finding expression in the vegetation of 
t he area, often var y continuously in space, the points closer t ogethe r 
having more similar values than those at greater dis tance s . Classifi -
cation into vegetation types in such cases has to be quite arbitrary. 
The communities may be sharply defined when habitats exhibit abrupt 
changes. 
The detection of continuit y and discontinuity poses one of the 
major methodological problems in the study of plant corrununities 
(Dans ereau , 1957) and has brought much discussion about the nature of the 
plant community. As mentioned by Greig-Smith (1964, p. 217): 
.. . vie\.;rs have varied from that of an assemblage 
of individuals with simi lar tolerances having no speci -
fic effect on one another (Gleason, 1926) to that of a 
compl ex organism (Clements, 1916, etc ., Clements and 
Shelford , 1939; Phillips, 1934-5) in which the relation-
ship between individuals is analogous to that between 
cells in an organism. Between these ex tremes a variety 
of intermediate viewpoints has been adopted. 
I f vegetation varies continuously, certain segments may still 
be set apart conveniently as representing the region of continuum around 
them (Goodall, 1961). Such types have been called "nod a" by Poore 
(l955b, 1962) . The question of where to draw the boundary attains fun -
damental importance in the c lassification of communities (Odum, 1959). 
The number and size of vegetation units will evidently be governed by 
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practical consid e rations and the object ives of classi fica tion. 
It has often been suggested that the varia ti on in the composition 
and s tructure of vegetation may be r ed uced by consider ing homogeneous 
vegetation. According l y, muc h attention has bee n focussed o n the con-
cept of homogeneity in syneco l ogi cal studi es . Anderson (1963) considers 
it undesirable to t ransgress the limits of env ironmental homogeneit y in 
sampling, otherwise some of t he intensity of difference be tween commun-
ities would be l ost. Danse reau (1957) suggests that in studying ass ocia -
t ions one must first be certa i n that the fac tors within the vegetation 
under observat ion are homogeneous . This is based on t he assumption that 
the plant community reacts as a whole and that it can be expec ted to 
vary i f one of its d e terminant s varies. Most of the schools of plant 
socio l ogy , therefore, specify homogeneity as the f irst desidera t um fo r 
a stand or area of vege tati on which may serve as a unit for classifica-
tion (Goodall, 1952). Poore (1955b)likewise considers homogeneity of 
the stand as an unques tionable basis of plant sociolo gy. Much evidently 
depends on the ob j ect i ves of s tudy. As Goodall (1963, p. 311) states: 
... admittedly, in descriptive and s urvey work this 
/i.e. to limit sampling to homogeneo us areas/ may simplify 
the patte rn a nd e nabl e conclusions to be re;ched more 
quickl y ; but fo r test s of f undamental assumption s it may 
we ll be inappropriate. To limit one ' s s tudies to homo-
geneous areas means that the results can reflect only a 
part of th e d ive rsity of nature, and that on e ' s conclu -
s i ons are pre judiced in advance, in so far as they re -
late to patte rns of variati on in vegetation (Goodall, 1953). 
Apart from this, complete l y homogeneous vegeta tion pr o -
bab l y doe s not exist (Goodall, l954b, 1961), and limits 
put on the degree of hete r ogene it y acc e ptable for the 
above purpose must needs be arbitrary . 
A chi-squar e test o f homogeneity has been used by Curtis and asso -
ciates in the ordination of plant communities of Wisconsin (Curtis, 
1959; Curtis and Mc intosh, 1951). The dominant species are considered 
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adequate for this t e st ; it is impossible to expect complete homogeneity 
f rom all membe rs of the communit y . The stand s not satisfying this 
criterion of homogeneity of dominant species are excluded from the 
analysis. A similar approach was adopted by Beals and Cope (1964); 
a chi-square test of goodness of f it to a binomial distribution was 
applied to check for the homogeneity of the most important tree species 
(Acer saccharum) in the area. When it was found to be heterogeneous, 
a fur ther analysis of the woods as a whole was not carried out. Maycock 
(1963) similarl y points out that the mixing of data from ecological l y 
different vegetation types is likely to obscure ecolog ical relationships. 
The tests and classifications based on the dominant species are 
often adopted to simplify complex relationships in environmental factors 
and vegetation. According to Goodall (1953 , p. 41): 
For those ecologists \vho have been content t o 
depend on the dominant species only for defining the 
class of vege tation the use of objective criter ia has 
been relatively simple. But classifications based on 
dominance have often been regarded as unsatisfactory. 
Communitie s defined on the dominant s pec i es of the 
highest stratum onl y are apt to be too broad for gen-
eral use; if they are defi ned on a combination of dom-
inants in each stratum /italics mine/, the vegetation 
is often divided into a large numbe; of inconveniently 
small units (cf. As hby' s (1935, 1936) comments on the 
Uppsala methods of classifying vegetation). Moreover, 
within an area dominated by one species there may be 
enclaves in which the vege tation differs from that of 
the rest of the area on l y in the absence of this dom -
inant species and in nothing e lse. 
In his reassessment of the Braun-Blanquet system , Moore (1962, p. 
763) claims that: 
. . a quasi -objective test for homogeneity is 
provided by the tabular comparison of releves. Should 
any unhomogeneous stands have been described, the y will 
usuall y be fou nd to contain a relatively large number of 
species, ofte n up to twice the mean value for the com-
munity. 
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A chi-square test to determine homoge nei ty was applied by Horanszky 
(1963) to mas s -we i ghted frequency value s of life-forms in each of the 
prev iously delineated vegetation types. Although life-forms are useful 
indicators of ecological conditions \vithin a community, such tests, if 
based on consideration of all life-forms, are likely to show lack of 
homogeneity. It is not possible to find homogeneity in terms of all 
components of vegetation. 
The desirability of homogeneity or uni f orm areas of vegetation may 
perhaps be regarde d more as a statistical convenience. As pointed out 
by Lambert and Dale (1964, p. 72): 
.. . unless the data are as s umed to be homogeneous 
in the strict statistical sense, classical stat istical 
techniques are not available for their analysis, since 
these are mostly dependent on a particular distribution--
the multivariate normal--for the variables and are sensitive 
to departures from this dis tribution. 
Though introduced to bring a s implification in the n-dimensional varia-
tion found in nature, the criterion of homogeneity may often be difficult 
to achieve. Completely homogeneous vegetation probably does not exist 
(Gooda ll, 1954b , 1961), though several scales of relative uniformity 
could be distinguished (Poore, 1962). Goodall (1954c) attempted three 
ways to assess homogeneity: the first was based on the random distri-
bution of the individua l s of all species in the community, the second 
considered variance between sample areas and their spacing, and the 
third used the joint - distribution of species and their correlations. 
Gooda ll found lack of homogeneity in his data on a ll the th ree methods 
and suggested heart-searching among those who are quick to assume homo-
geneity in vegetation from visual impressions alone. Care need to be 
exercised, therefor e, in the interpretation of classificatory schemes 
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based only on reconna i ssance methods; some patterns in vegetation are 
like ly to be overlooked in subjective app r oac hes. 
The absence of any single envi r onmental ove r-riding fac t or that 
could be considered as determining the composition and distribution of 
plant communities introduces a difficult problem in classificat ion. 
There is also no single quantitat i ve measure that ma y provide an ad equa t e 
representation of the vegetation complex. Topographic and ed aphic 
factors assume importance in studies over small areas whe r e c limat e may 
be assumed t o be uniform (Anderson, 1963). An analysis of the soil 
characteristics selec t e d by Ibrahim (1963) shows a gradient in terms 
of base exchange capacity (Me/ lOOg), total so luble salt percentag e, and 
saturat i on extract conductivity (Kxl03) (Table 36). This gradient, t o 
a lesser degree , is a l so evident in the first three segments for other 
soi l characteristics like pH (paste), pH (1:5), exchangeable Na (Me/lOOg), 
sand (.005) percentage, silt percentage , and clay (.002 and .005) 
perc entages. The gradient ex t e nd s t o Segment IV a l so though it is not 
so obvious there because this segment is developed from the ma t er i als 
deposited by the f irst three segments. Th e use of an environmental 
gradient, provided by the different segments, as the basis of ordina-
tion of the vegeta tion unde r s tud y wa s therefore ampl y j us ti fied in the 
present i nvestigation . The evidence of homoge ne ity of the dominant 
spec i es \Vith i n t he same s egment, and a lack of it acr oss one another, 
further substantiated the eco l ogic dif fere nces among the four s trata . 
The Q-analysis performed on the basis of relative CF index value s 
f ully substantiated the fou r stratif icat ions of vegeta tion in the pre-
sent study. The relative level of af finities across differen t segments 
is, indeed, ve r y small . The r esults of Q-anal ys is we r e substantially 
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corroborated by the R-analysis which brough t out four major environmenta l 
s tratifications in terms of the component species. The relative level 
of affinities of one cluster with another is almost negligible in terms 
of the dominant species and of minor consequence in case of associated 
species. 
The use of many quantitative techniques for the classification and 
ordination of the shadscale zone vegetation of southeastern Utah is de-
monstrated by the present study. The use of statistical techniques, 
however, has so far , in general, mostly involved chi -square only 
(Kershaw, 1964). The shortcomings of the chi -s quare approach have 
previously been mentioned. The use of presence/absence as a diagnostic 
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feature in the chi -square test, as pointed by Kershaw (1964, p. 154): 
.. . is a utilization of only one of a number of 
characteristics which are available in describing a 
community. An important feature of a community is 
the abundance of the individual components relative 
to each other and relative to other communities. 
The t echniques in which the quantitative measures of individual species 
are used should hold promise for the future. 
The attempts to place the classification (and ordination) of vege-
tation on a more objective basis are beset by difficulties some of 
which are inherent in the nature of vegetation. Two major difficulties, 
mentioned by Poore (1962), are the frequent lack of clear -cut boundaries 
between communities and the prevalence of complex spatial patterns in 
vegetation. 
All classification, in the ultimate analysis, is bound to be arbi -
trary and, as pointed out by Goodall (1963), we should never lose sigh t 
of the fact that "dividing lines have been drawn where Nature put none . " 
Moreover , any further refinements in th e use of statistical techniques 
will have to contend with certain subjective elements, e .g., the choice 
of stands to be included in the study. There is no feasible way whereby 
this subjective judgment can be comp lete l y removed from the analysis 
(Curtis, 1959); it can be kept to a minimum through careful choice of 
criteria like minimum size, uniformity of topography and floristic 
homogeneity, as illus trated in the ordination of vegetation of a 
large area like Wisconsin (Curtis, 1959; Greig-Smith, 1961). Arbitrary 
decisions are also involved, to some extent, in the choice of a method 
to carry out the analysis and of the vegetation parameters on which a 
particular analysis may largely be based. Quite often a compromise is 
made between the methodological ideal and practicability. This must 
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be done in such a way that ''maximum return of eco logical informati on 
is obtained for the labour used'' (Greig-Smith, 1961). The most effi-
cient method , according to Lambert and Dale (1964), i s that wh ich per-
mits maximum use of relative information t o minimize intragroup dif-
ferenc es within the limits of computational pract ibility. 
The above - mentioned criter i on for the most ef ficient method of 
vege tation anal ysis appears t o be an argument in favor of s tratification 
with the specific purpose of obtaining as much sim ilarity within the 
strata as dictated by practical considerations. Hopkins (1957) finds 
it qui t e justif iable to choose an area of vegetation subjectively for 
statistic al anal ysis because sites chosen at random may not be 11 uniform 
areas of vegetation. '' The other subj ective dec isions intro duced in his 
analysis we r e the subjective choices regarding the size and s hape of 
quadrat s , and the number of samples to be taken . 
The need for stratifica tion , in one fo rm or another , is basic t o 
the theor y of sampling . There are severa l reasons for doing so , and as 
Snedecor (1956, p. 505) mentions: 
. .. it can be shown that diffe r enc es between 
the s trata means in the population do not contribute 
to the samp ling err~r of the es timat e Ys t l~stimate of 
the population mean/. In other words, the sampling 
error of Yst arise~ solely from variations among sampl -
ing units tha t are in the same stratum . I f we can form 
strata so that a heterogeneous population is divided 
into parts each of which i s fairly homogeneous, we 
may expect a gain in prec ision over simple random 
samp ling. 
This is particularly true of vege tation because heterogene ity often 
occur s and is generall y the rule rather than exception. Lindsey (1956, 
p. 288) expre sses the desideratum of homogeneity in a different way: 
11 To be stud i ed or sampled as a representative of a sing l e community type, 
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any vegetation unit is required to posse ss a degree of homogeneity." 
An unduly large number of samples wil l be ne eded in case of general lack 
of un iform areas of vegetation. Thus, according to Eberhardt ( 1963 , 
p. 152) : 
.. . anyone who has compu t ed confidence limits on 
a lmost any kind of es timat e de rived from a natural popula-
tion is painfu ll y aware of the unreasonably large samp l es 
needed to approach lim its deemed satisfactory in other fields 
.... The commonplace observat ion that animal and plant 
populations are seldom uniforml y or randomly dist ributed 
in space leads naturally to proposing some form of strati -
fication in s ampling. 
The stratified sampling will improve considerably the accurac y of 
es timate (Bourdeau , 1953; Goodall , 1952 ; Pechanec and Stewart, 1940). 
A similar situation exists in soil sampling. Complete randomiza -
tion applied t o sampl es derived from essentia l ly different soils wi ll 
yield nothing but confusion (Wilde et al ., 1964) . Moreover , samp ling 
without any stratification often re quir es too many samples to be handled 
in practical work. Hilde et al. (1964) recommend a preliminary 
s t rat i f ication of soi l s on the basis of s uch co nsiderations a s parent 
material , t opographic l ocation and gene t ic featu res. Whe r e edaphic 
influences are s trong, a s in t he present study, the stratification of 
samp l ed areas is grea tl y aided by identifying differences in the ground 
cover vegetation. Care always needs to be app lie d not to include o b-
viousl y different vegetation in the same set of samples otherwise mis-
l eading results will be obta ined. Statistical analyses of ten assume 
a reasonable homogene it y of the samp led population. The stratification 
of experimental ma t erial he lps t o reduce the wi thin s ample var iance and 
enhanc e the predic tive reliabi.lity of statistical inference (West , 1964a). 
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The statistical reliability of the quantitative approach has so 
far remained questionable in view of the multi - dimensiona l variation in 
vegetation . A disc laimer to this effect is made by Curt is {19 59, p. 
75), in the ordination of the vegetation of Wisconsin: 
At the ou t set it may be said t£at no study of a 
s ingle ~tand in the entire P.E .L. lPlant Ecology Lab-
ora t or~ / ser i es gave s tatistica ll y r e liable results 
for al l spec ies encountered. However , this same state-
ment can be made of all eco l ogical s tudies eve r r e -
ported by al l investigators in all countries. Thi s 
conclusion is inherent i n the nature of pl ant com-
munit i es. A normal pl ant commun ity contains a few 
species which are present in great numbers or great 
amounts, more s pec i es which are intermediate in de ns it y, 
and a great maj orit y of species wh ich are rare or sporadic 
in occurr e nce. The samp ling process can e a si l y be des igned 
t o accurately measure the common species and , with greater 
expense, to meas ure sat i sfactoril y the intermediate spec i es, 
bu t the rare spec i es r equire such an intensity of samp ling 
that the ir precise measuremen t is beyond prac tica l attain-
ment. The si t ua tion is not as unsatisfactory as it may 
sound, however, since greatest emphasi s in interpre tati on 
of community composition and behavior i s always place d 
on the common species, and t hese are exact l y the ones 
most accurately measur ed by the usual sampling methods. 
In our zeal for the preference of the quantitative techniques over 
others care nee ds to be exercised, otherwise misle ading results may be 
obtained even if the t echniques are mathematical l y sound and robust. 
Lambert and Dal e (1964, p. 63) prescribe three basic r equirement s in 
any use of the stati st ical techniques as inves tiga tional tools: 
First, the tool must be appropriate to the material 
t o be worked, i .e. , the nature and fo rm of the data, and 
the sca l e of the probl em , must be considered in selecting 
the most eff icient me thod; secondl y , the t oo l itself must 
be of sound construction (i. e . the underlying mathematics 
must be sound), and any area of weakness must be clearly under -
s tood so that an undue strain is not imposed; and thirdl y , the 
wo rk t o be done must itself be clearly defined, i.e . the ques -
tions to be asked must be precisely fo rmulated, so that a mi s -
l eading or nonsensical answer i s not inadvertently obtained . 
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These requirements, however, are part of the over -all scientific method 
which embraces th e non-quantitative techniques as wel l. The searc h for 
right application of statistical techniques s hould , therefo re, serve to 
focus attention on simi l ar considerations that are likely to be circum-
vented if an easier so lution is sough t through use of other procedures . 
The technique of factor ana l ys i s is most useful when appl ied only 
to a ver y limit ed range of vegetat i on. This technique allows treatment 
of the data of "n- dimens i onal form" (Kershaw, 1964). Ther e are, however, 
two important assumptions inherent in such analys i s (Greig- Smith, 1964, 
p. 177): " (1) that the factors are independen t of one another and (2) 
that t he r e presenta tion of a spec i es is linear ly related to the factor s 
affecting it." As emphasized by Greig-Smith, the fa c to r ana l ys is i s 
like l y to be "more va l uable in ana l yz ing data from a group of simi lar 
stands than in broader i nvestigations. 11 The di ff icult y in inte rpreting 
the factors obtained has so far limited any extensive use of fac tor 
ana l ys is in delimitation of vegetation groups. The mathematical abstrac-
tion provided by the analysis has often to be s upplemented with the 
experie nce and judgment of the ecolog ist . 
The technique based on assaying relative levels of affinity, as in 
cluster analysis, have the advantage of depicting the e ntire sca le of 
relationship among e n t ities. Th e "sliding scale " of stratification 
provided through such approaches is f l exib l e enough t o permit classifi-
cation eit her into broad vegetation groups, or f ine r delimitations, 
depending upon the ch oice of the relative scale of affinity that will 
best serve the r equirements. 
The problems in eco log ical samp ling are diverse and challenging. 
Eberhardt (1963, p. 149) points out the variability encounter ed in 
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eco logical studies to be ''o f t en discouragingly high, emphasizing the 
need for careful initial c ons id eration of sampling efficiency if com-
plex systems are t o be studied as a whole." The ecologist often faces 
more problems than those experienced by others. As Greig-Smith (1964, 
p. ix) states: 
. the general impossibility of controlling ·'unwanted' 
variables in biology leads to a much greater degree of error 
variability in measurement than in the physical sciences. In 
the physi ca l sciences differences among replicate measurements 
are generally attributable to deficiencies of technique, whereas 
in biological observations d ifferenc es may be due not only to 
these deficiencies, but also , and commonly to a much greater 
extent, to f luctuation in va£iables no t under investigation 
and assumed to be const~nt l e. g. dif fere nces introduced through 
the phenol ogy of plant~/ . Put another way, it is very much 
more dif ficult to obtain truly replicat e samp les in biologi-
cal measurements than in physica l measurements . 
The nece ssity for systematic sampling is well -recognized in many 
biological investiga tions . Anderson and Bancroft (1952) point two such 
applicat ions: first in soil samp ling where many practical difficulties, 
and excessive time taken, obviate the choice of random samples at dif-
ferent l ocations and depths, and second l y in sampling forest stands 
where a syst ematic method i s emp loyed in pre-d e t e rmining a definite 
route and collecti ng samples only along this r oute (Schumacher, l945). 
Similarly, a s mentioned by Anderson and Bancroft (1952, p. 60) , "most 
economi c data are f ar from rand om but have been analyzed in many 
instances in th e past as though they were random because of lack of 
techniques for analyzing non-rand om data." Hutchinson and Knapp 
(1946, p. 47) state that "random samp ling ha s va lue t;here there is 
one or two sample variables but is not practicable where multiple, 
variable ecological factors are ope rative. " So long as the ecologist 
is aware of the implications, if any , of placing his samples equi-
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distantly after random choice of the initial po ints, the systematic 
samp l ing may prove to be quite useful. In fact, "systematic sampling 
can be conducted in such a way that an unbiased estimate of the sampling 
error may be obtained. This requires more than one systematic sample 
(Steel and Torrie, 1960, p. 412). It is noteworthy that tests of random 
versus systemat ic samp ling procedures in forest vegeta tion have resulted 
in a s light gain in accuracy with systematic samp ling (Bourdeau, 1953; 
Hasel, 1938; Finney, 1948). Complete counts of a few natural popula-
tions have shown that, in some cases, systematic sampl ing may be more 
efficient than random sampling (Cochran, 1953; Yates, 1953). A broad-
ening of the empirical basis and understanding of such findings appears 
to be highly important as systemat ic sampling may be theoretically ad van-
tageous and easier in working with natural populations (Eberhardt, 1963). 
Although the ordinary statistical tools (t-test and F-test) make several 
assumptions, 11 these tests do appear to be approximately valid in many 
cases, even for considerable departures from the assumed conditions 
( ... the y are "robus t")" (Keeping, 19"66). 
In applying quantitative techniques, as aptly caut ioned by Greig-
Smith (1964, p. 210): 
.. . it is essential to keep a sense of perspec -
tive and to consider whether the time consumed by the 
use of quantitative instead of qualitative methods 
wil l give a commensurate increase in the va lue of the 
r esults obtained /italics mine/. Similarly, it may 
be a waste of time to a pply a-statistical t es t of sign i-
ficance to the difference between two means so widely 
different, and based on ranges of val ues so wide l y 
different, that the probability of their be ing drawn 
from the same population is negligibl e. 
As pointed out by Greig- Smith, there are two other dangers inherent in 
the quantitative approach: "(l) such excessive preoccupation wi th 
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technique that the ends in view are pushed into the background, and, 
related to this, (2) attempts to force ecological data into formal 
mathematical moulds. 11 
It is essential to remember, as stated by Lambert and Dale (1964, 
p . 62), that: 
.the prime criterion for the use of stati stics 
in any branch of study is often believed to be that it 
makes the study more "obj ec tive" and hence scientifically 
more respectable. It is true that the use of such methods 
e liminates personal bias and produces reproducible results 
for a given set of data analyzed by a given method. However, 
in very complex situations like tho se usua ll y encounter ed in 
the f i eld, the subject i ve e lement must enter, in one gu i se or 
ano ther , at a lmost e very stage. For instance, the nature of 
the dat a to be collected, the form of the analysis, and the 
exact parameters to be used, are all sub j ec tive decisions 
frequentl y made e ither on past experience or with some fore-
know l edge of the type of phenomena expected. 
The benefits that may be expec ted from a quantitative approach 
are summed by Greig - Smith (1964, p. 212) as follows: 
(1) The quantitative approach allows the detection 
and appreciation of smaller differences. (2) By using 
suitable statistical tests thg quantitative approach 
provides a sounder basis of judgment of th e significance 
of differences observed. It thus becomes pos s ible to 
find an answer to questions quite unanswerable by quali-
tative techniques, but this represents essentially an 
improvement on, and ex t ension of, existing approaches 
to particular problems. 
The use of many recent quantitative techniques has only been made 
possible through computers, especially in cases where computations involved 
are large. The r o l e of the ecologist in use of statis tical techniques 
in s uch cases is s tated thus by Lambert and Williams (1962 , p. 801): 
It mizht be sugges t ed, for example, that noial 
analysis /the statistical t echnique used by them/ 
is only a- means of ascertaining by calculation Some-
thing which an experienced ecologist could himse l f 
di scover by s tud y in t he fie l d. There is, of course, 
a sense in whi ch this is true. Vege t ationa l units, 
however they are de fined, are properties of the data: 
they are inherent in the records, and both the eco lo-
gist and the computer set ou t in the i r different ways 
to extract them. Moreover , the human brain has a 
greater capacity for s t oring information than the most 
complex computer yet designed; and since it also has 
some power of i nstantaneous apprehension of a multi-
dimensional pattern, as agains t the computer •s linear 
calculation, the first - class eco l ogist may arrive at 
an approximate solution fas t er than the machine. On 
the othe r hand , the computer has certain advantages. 
It has not gained its experience from o ther eco l og ical 
s ituations, and therefore canno t br ing to the analysis 
preconceived ideas whic h may be inappropria te t o the new 
area und er study; and it can provide an initial pattern 
in comp lex situations where the ecologist ' s own insight 
i s inadequate for t he task. Even in the comparatively 
simple communities. .we have consistently found that 
the computer anal s is has given much us eful information 
additional to tha t s ubjectively expected. 
However, the computer can on l y deal wi th s uch raw 
data as are fed t o it at the beginning; it cannot adjust 
it s course i n mid- anal ys i s t o embrace a new se t of fac ts, 
nor can it i nter pret the final results. The form of the 
prob l em to be inves tigated, the nature of the data to 
be us ed, and the meaning of the answers at the end, must 
alwa ys remain the province of the worker in t he f ield. 
The better the investigator, the bet t er the general inte-
gra tio n is l ike l y to be; but the suppl y of first - class 
e cologists is a l ways likely to be limited, and thei r t ime 
should not be wasted on the in tervening anal ytical tasks 
which the mechine can do as we ll-- or some times even 
better. 
143 
The role of quantitative techniques may perhaps be viewed--along 
wi t h Whittaker (1962) -- as " an aid in human judgment. " Although the 
i nherent relationships between s pecies remain unaltered a choice is 
provided t o select any number of groups, or combina tions, for the pur-
pose in hand. 
The quantitative techniques, in spite of the many shortcomings 
mentioned previously, help to summarize complex data and bring out 
certain face ts that ma y not have been apparent otherwise. Ultimate l y , 
on l y those me thods wil l be mo r e useful that integrate the maximum number 
of properties of habitat and vegetation, and only those will find 
max imum application that are based on the minimum of assumptions. 
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The mental abstraction of the realities existing in nature can be brought 
to a maximum by mathematical representation. 
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SUMMARY AND CONCLUSION 
The use of statistical techniques in the classification and or-
dination of vegetation is r e latively a recent development. As opposed 
to the use of the early subjective approaches in this field, the statis -
tical methods are fairly objective and tend to minimi ze the element of 
personal bias. 
An intensive study of the applicability of the mathematical method -
ology to the shadscale vegetation was undertaken during 1962, 1963 and 
1964. This vegetation t ype covers approximate l y 10 million acres in a 
crescent shaped pattern from Montrose, Colorado , t o Price, Utah. 
A r epresentative portion (13.5 square miles ) of s had scale zone 
vegetation was selected near Cisco, Utah. The area forms part of the 
Canyon Lands sub-divi s ion of Colorado Plateau. Broad pediments, ori -
ginating f rom the Book Cliffs, are the main landform covered with the 
widely spaced dominant species o f the genus Atripl ex. Mancos sha l e, a 
l ead-gray Cretaceous shale of marine origin, forms the lower part of the 
Book Cliffs and of the pediments originat ing from it. 
The area was subjected to many cycles of erOsion but the Quater-
nary r emnants of a lluvial fan deposi t s are recognizable a t three d i s -
tinct l evels. The pediment, and the Quate rnary remnants, thin out with 
inc rease in distance from the Book Cli ffs. The erosion gr adient is 
accompanied by changes in edaphic fa ctors like the number and depth of 
soil horizons, soi l moisture, partic l e-s ize di s tribution, base exchange 
capacity, amount of exchangeable potassium and soluble salts, satura-
tion extract conductivity, lime percent age , and pH val ue s . As this 
gradient integrates the edaphic factors, rather s trongly influencing 
this desert vegetation, and also represents the microenvironment, i t 
was used as th e primary environmental gradient for the ordination of 
vegetation. 
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The erosion gradient can be logically divided into four segment s , 
e ach prov i ding microenvironmenta l homogeneity within different strata. 
The pediment remnants , for the purpose of the present stud y , were 
termed Segment I. The dominan t spec i es of this segment i s shadsca l e 
(Atriplex confe rtifolia) which is also the most preva l ent species of 
the vegetation zone s t udied. The eroded portion of pediment remnants 
forms Segment II and is dominated by saltbush (Atriplex nuttallii 
nuttallii ). The Mancos shale is exposed to so il surface in Segment III 
and is dominated by saltsage (Atriplex nuttallii gardneri). The allu-
vial deposits from the three segments were designated as Segment IV. 
The dominant species here is mat saltbush (Atriplex corrugata). The 
transit i on between the vegetation units is genera ll y abrupt. The 
area provid ed an excel lent opportuni t y to test the validity of results 
obtained from the numerous objec tive methods wi th wh at could be easily 
differentiated from inspection alone. 
The data on canopy cover and f r eq uency of e ach species we re col-
l ec ted within the four t opograph ic and geologic s tra ta with e ight 
samp ling loca t i ons rand om l y selec ted f r om each stratum. The analyses 
performed were based on use of presence/absence, canopy cover, or some 
combination of canopy cover and frequency va lues. The analyses attempted 
embraced a wide range of quantitative methodology in the classif icati on 
and ordination of vegetation, namely , grouping of species on peak CF 
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(sum of relative canop y c over and r e lative frequency) values; analysis 
based on frequenc y x constancy index; a s sociation analysis (between 
species) using coe fficie nt of interspecific association, chi-square, and 
a comb ination o f the two; association ana l ysis for ob taining homogeneous 
groups of vegetation; assocation analysis using correlation coeff i cien ts 
based on canopy cover values; group stud y of correlation ·coefficients; 
ordination of vegetation using the multivariate techniques of factor 
analys i s preceded by a partition of the sparse data matrix into L/L 
and N/N matrixes; and the ordination of vege tation using the Q- and R-
techniques of cluster analysis . The prevalent and modal species , and 
the life - forms were also determined . 
The number and composition of groups derived from the var i ous an-
alyses showed considerable agreement in most cases though s light varia-
tions were inadvertantly introduced through a rather s ubj ective , and some -
time inevitable, choice in the me asures to be emp lo yed in a particular 
analysis . The reconnaissance technique , with de lineations based pri-
marily on the dominant specie s , yielded four communities which were 
fully substantiated by the fact or analysis, based on L/L matrix, and the 
Q- and R- techniques of cluster analysis. The analysis based on N/N 
matrix did no t produce equally good results. 
The gro ups based on association analyses using coefficient of inter-
specific association, chi-square, and a combination of the two produc e d 
nearl y id entical groups (totaling 5, 6 and 5 respectively). In each 
of these , the major four groups we r e similar to those obtained in th e 
previously mentione d analyses; e ach contained a dominant species of 
Atriplex a long with other associated species. The remaining groups were 
of minor importanc e because they were composed of s pecies (C hrysothamnus 
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viscidi f lorus, Sitanion hystrix, Eurotia lanata, and Tetradymia glabrata) 
that occurred sparingl y in the en t ire ve geta tion and were therefor e 
more i ndicative of a pattern, rather than a t ype, within the area studied. 
The analysi s based on derivation of homogeneous groups yielded two 
ecolog ic groups ; the firs t combining the vegetation from segments I 
and II, and the second separating this vegetation from that of Segment 
III and IV. The group study based on simple correlation coefficients, 
using Fisher's 2, resulted in combination of 24, out of 26, species into 
one single group that included the three dominant Atriplex species. 
The remaining two species (Tetradymia glabrata and Atriplex nuttallii 
gardneri) did not show any correlation and were l ef t out of th e constel -
l at ion obta ined for thi s ana lysis. 
The association ana l yses mentioned above should be vie~ved wi th 
caution es pecially in cases where one of th e derived groups is composed 
of residual species that did not fit in the constellations obtaine d from 
these analyses. The arbitrary nature of the res idual group cannot be 
over-emphasized. 
The analyses based on prevalent species, modal species, and the 
gr oupings derived on the basis of species attaining peak values, when 
using CF index and constanc y x fre quenc y index, ar e different from all 
other analyses in tha t each segment has one corre~ ponding group of 
s pecies in it. Such groupings are based on habitat preferences as 
indicated by the differe nt quantitative criteria used to eva l uate such 
preferences . 
The cluster analysis t echniques (Q-analysis and R-ana l ysis) have 
an advantage over other t echniques in that the dendrograms depict the 
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ent ire sca l e of aff i nities between entities for which such analyses ar e 
used . It is therefore possib l e to pick veget ation group s at any de sire d 
sca le f rom the dendrogr am . The technique s based on te s t s of s ignifi -
cance, howeve r, do not provide this s l id i ng s cale of affinities. 
The techniqu es used here illustrate their applicability to shad -
sca le zone vege tation. In v i ew of the s imilariti es in geo logic, edaphic, 
and topographic stra t i fi cat ions within the pediment area s vegetated by 
the shadscale zone vegetation, the resul ts ob tained f rom the quantita-
tive analyses for the Cisco study ar ea could po ssib ly find a wide 
application over s i milar areas of salt desert shrub vegetation . 
Although i t is re latively ea sy t o differentiate the ve tet ation types 
in this area from in spect i on alone , the quant i tative techniques, on the 
whole, have proved their va lidity in accuratel y determining the syne-
co l og i c gro up s . These techniques also provide d a quantita tive mea su re 
of the eco l ogic importance of the species within each group . 
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APPENDIXES 
Appendix I 
Scientific ~and Common Names . and 
Symbols Used in the Tex t 
Scientific name 
Artemisia spinescens Eaton 
Aster xylorhiza Torr. & Gray 
Atriplex confertifolia (Torr. 
& Frem) Wats. 
Atriplex corrugata Wats . 
Atriplex nuttallii gardneri 
(Moquin) H. & C. 
Atriplex nuttallii nuttallii 
Wats. 
Brornus t ectorurn L. 
~thamnu s viscidiflorus 
lanceolatus Nutt . 
Descurainia sophia (L.) Webb 
Eriogonum ~ Nutt . 
Eriogonum microthecum Nutt. 
Eruotia lanata (Pursh) Moquin. 
~o~eratus (M . Bieb) 
C. A. Mey 
Hilaria jamesii (Torr.) Benth. 
Lappula redowski (Hornem.) 
Green. 
Le pidium densiflorum Schrad. 
Malcolmia africana (L.) R. Br. 
Microseris nutans 
Opuntia pol~ha 
Oryzopsis hymenoides 
& Shult . ) Ricker 
Ha\.J, 
(Roem. 
Plantago tweedyi Gray. 
Salso l a kali tenui flora 
Tat.~sch. 
Sitanion hystrix (Nutt.) 
J . G. Smith 
Sisymbrium off icinalis (L.) 
Scop. 
Sphaeralcea grossulariaefolia 
(Hook. & Arm.) Rybd. 
Tetradymia glabrata Gray. 
Common name 
Bud sagebrush 
Woody aster 
Shad scale 
Mat saltbush 
Saltsage 
Saltbush 
Cheatgrass 
Lanceleaf ye llowbrush 
Tansymustard 
Nodding er iogonurn 
Slender buckwheat-
brush 
Winterfat 
Halogeton 
Galleta grass 
Stickseed 
Green flowered 
peppergrass 
African mus tard 
Microseris 
Prickl y pear 
Indian ricegrass 
Arsp 
Asxy 
At con 
Ate or 
Atnuga 
Atnunu 
Brte 
Chla 
De so 
Erce 
Errni 
Eula 
Hagl 
Hija 
Lare 
Lede 
Maaf 
Micr 
Oppo 
Orhy 
Tweedy plantain Pltw 
Russian thistle Saka 
Squirreltail Sihy 
Hedge mustard Siof 
Scarlet globe Spgr 
mallow 
Littleleaf horsebrush Tegl 
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Life form 
p 
H 
p 
p 
p 
p 
T 
p 
T 
T 
p 
p 
T 
H 
T 
T 
T 
T 
p 
H 
T 
T 
H 
T 
c 
p 
The symbols used for Raunkiaer ' s li fe forms denote the fol l owing: 
C- - Chamaephyte; H--Hemicryptophyte; P- - Phanerophyte; and T--Therophyte. 
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Append ix II 
Computer Programs Coded for IBM 1620 in Fortran 
1. Digit Counting--Prog rammed by Donal d V. Sisson and Wende ll Pope . 
Disclaimer : The usual disclaimer of responsibilit y for program use is 
made. 
Purpo se: To count the number of times each digit, zero through nine, 
occurs in a card column, or series of columns, in setting 
up two-way tables. 
Restrictions:l . Only numeric punches should be used. (Eleven and twelve 
punches will be counted as zeros). 
Method: 
Accuracy: 
2. A head er card (described under "card preparation" ) must 
precede each group. 
3. The columns in each group mus t be cant i ·guous. 
4. Each column is treated as a separate field. 
5. The total number of card s per group may not exceed 9999. 
6 . Input to the computer is from punched cards. The program 
is coded for the 1620 in Fortran with Forcom subroutines. 
Results are obtained by accumulating card counts for each 
punching position of each column. 
Input and output are both handled in the fixed point mode. 
Card Preparati on: 
1. Header card (Numeric only) 
(1-2) Program number (11) 
(4 - 7) Experiment number 
(9-10) Fir s t co lumn to be counted 
(12-13) Last column to be counted 
} may be identica l 
(15 - 20) Form of co nt rol field, lXXYO. Where XX is t he 
rightmost co lumn of the control fie l d and Y is the 
number of cols. in the control fie l d. (Only 1 or 2 
are allowed). 
2. Data cards-Numeric iO formation in contiguous columns . 
The deck must be sorted on the cont ro l field. 
Input: 
Output: 
1. Load obj ect deck f ollowed by the header card and data 
cards. 
2. Depress reset. 
3 . Depress load. 
4 . When object deck is load ed dep ress start. 
5. With batch processing fo ll ow object deck with as many 
sets of control cards and data cards as desired. 
6. Computer wi ll halt at 48 command after depressing 
reader start to read in last card of fi nal group. De-
press ing start will reinitiali ze the program. 
The totals fo r each column are punched (using the PUT 
FORCOM) subroutine ) in a separate card in the fo rm. 
The output is fu ll y labeled. 
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Programmed Halts : 
Printed Code 
9991 Program numbe r does not ma tch 
program number in contro l card . 
Program resets . 
2 . Cole's Coef f icie nt of inters pecific association 
c c Te j a Singh Coeff intersp association 
X=O.O 
2 Y=O.O 
3 READ,A,B,C,D,T 
4 PUNCH 90,A,B,C,D 
S X=X+A''D 
6 Y=Y+B''C 
7 IF(X-Y) 20,10,10 
10 COEF=(X- Y) I ((A+B) '' (B+D)) 
SEC=SQR( (A +C)* (C+D) I (T''(A+B)'' ( B+D))) 
GO TO SO 
20 IF(D- A) 40,30,30 
30 COEF=(X- Y) I ((A+B) '' (A+C)) 
SEC=SQR( (B+D)''(C+D) I (T* (A+ B)* (A+C))) 
GO TO SO 
40 COEF=(X-Y) I ((B+D)>>(C+D)) 
SEC=SQR( (A+B)''(A+C) I (T* (B+D)''(C+D))) 
SO PUNCH 9S , COEF,SEC 
60 S=COEF ISEC 
6S CHSQ=S''S 
70 PUNCH 100,CHSQ 
7S GO TO 1 
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90 FORMAT(4H A= E1 5.8,SH B= E1S.8 , SH C= E15.8,SH D= E1S .8) 
9S FORMAT(7H COEF= E1S.8,7H SEC= E15 . 8) 
100 FORMAT(7H CHSQ= E1 5 .8) 
80 STOP 
END 
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3. Chi-sguare calculated from 2 x 2 table, applying Yate's correc-
tion for continuity 
c c 307 TEJA SINGH CHISQ WITH YATE ,S CORRECTION 
3 READ,A,B,C,D,T 
4 PUNCH 90 ,A,B,C ,D 
S=(A+B)*(C+D)*(A+C)*(B+D) 
Z=(A+C)/2.0 
10 Y=(B+D)/2.0 
IF(A-Z)l5,15,20 
15 A=A+0.5 
GO TO 22 
20 A=A-0.5 
22 IF(B-Y) 25,25,30 
25 B=B+0.5 
GO TO 40 
30 B=B-0.5 
40 IF(C- Z) 45,45,50 
45 C=C+0.5 
GO TO 52 
50 C=C - 0.5 
52 IF(D-Y)55,55,60 
55 D=D+O.S 
GO TO 65 
60 D=D-0.5 
65 X=A>'<D- B''C 
70 CHIS=X'<X><T/S 
80 PUNCH lOO,CHIS 
GO TO 3 
90 FORMAT(4H A= El5.8,5H B= El5.8,5H C= El5.8,5H D= El5.8) 
100 FORMAT(7H CHIS= El5.8) 
STOP 
END 
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4. Partition of corre lation matrices with s parse data 
usu 61 
C REX L. HURST 
C UTAH STATE UNIVERSITY 
C THE OUTPUT OF THIS PROGRAM MAY BE USED AS INPUT TO THE FACTOR ANALYSIS 
C PROGRAM IN THE MDC SERIES 
ZA=CDS(1.) 
DIMENSION A(30,30),B(30,30),X(30),XN(30),AN(30),1(30),F(30),C(30) 
1 READ 100,NPROG,JOB,NX,NOBS 
100 FORMAT(I3,I5,I3,I5) 
IF(NPROG-61) 30,19,30 
30 PRINT 107,NPROG 
107 FORMAT(24HTHIS IS PROGRAM 61, NOT 13) 
PAUSE 
GO TO 1 
19 PUNCH 100,NPROG ,JOB,NX,NOBS 
OBS=NOBS 
DO 2 I=1,NX 
AN(I)=O.O 
T(I)=O.O 
READ 101,F(I) ,C(I) 
PUNCH 101,F(I) ,C(I) 
101 FORMAT(F 7.0,E 15.8) 
DO 2 J=1 ,NX 
A( I,J)=O . O 
2 B(I,J)=O.O 
DO 3 K= 1 , NOES 
ZB=RCD(l.) 
DO 3 I=1,NX 
X(I)=GET(F(I)) 
IF (X(I)) 4,3 ,4 
4 T(I)=X(I)-C(I)+T(I) 
AN(I)=AN(I)+l. 0 
3 CONTINUE 
DO 5 I=1 ,NX 
T(I)=T(I) /AN (I)+C (I) 
5 PUNCH 108,I,AN(I),T(I) 
108 FORMAT(I3,F7.0 ,E15.8) 
PRINT 106 
106 FORMAT(17HRELOAD DATA CARDS) 
DO 10 K=1 ,NOES 
ZB=RCD ( l.) 
DO 14 I=1,NX 
X (I) =GET (F (I)) 
IF(X(I)) 12,13,12 
13 XN(I)=O.O 
GO TO 14 
12 XN(I)=X(I)-T(I) 
X(I)=l.O 
14 CONTINUE 
DO ll I=1 ,NX 
DO ll J=I,NX 
A(I ,J)=A(I, J) +X(l)''X(J) 
11 B(I,J)=B(I,J)+XN(I)*XN(J) 
NXM=NX-1 
DO 10 I=1,NJCM 
IPO=I+1 
DO 10 J=IPO,NX 
A(J, I)=A(J, I)+X(I) ''XN(J) 
10 B(J, I) =B(J, I)+XN( I)*X(J) 
DO 16 !=1 , NX 
DO 15 J"l ,NX 
15 A(I, J)=A(I, J) -AN(I)>>AN(J) /OBS 
X(I)=SQR(A(I,I)) 
16 XN(I)=SQR(B(I,I)) 
DO 17 I~1,NX 
DO 17 J=I,NX 
D1=X(I)*X(J) 
IF(D1) 20,21,20 
21 R1=0.0 
GO TO 22 
20 R1=A(I,J)/D1 
22 PUNCH 102,JOB,I,J ,R1 
102 FORMAT(1H1,I5,3X,I3, I 3,E15.8) 
D2=XN(I)*XN(J) 
IF(D2) 23 , 24 ,23 
24 R2=0.0 
GO TO 17 
23 R2=B(I,J)/D2 
17 PUNCH 103,JOB,I,J,R2 
103 FORMAT(1H2,I5,3X,I3,I3,E15.8) 
DO 18 !=1, NXM 
IPO=I+l 
DO 18 J=IOP,NX 
D1-X(I)*XN(J) 
IF(D1) 25,26 ,25 
26 R1=0.0 
GO TO 27 
25 R1=A(J,I)/D1 
27 PUNCH 104 ,JOB , I,J,R1 
104 FORMAT(1H3,I5,3X,I3,I3,E15.8) 
D2=XN(l)''X(J) 
IF(D2) 28,29,28 
29 R2=0.0 
GO TO 18 
28 R2=B(J,I)/D2 
18 PUNCH 105,JOB,I,J,R2 
105 FORMAT(1H4,I5,3x,I3,13,E15.8) 
GO TO 1 
END 
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5. Factor analysis from multivariate data collection 
usu 57 
C REX L, HURST 
C UTAH STATE UNIVERSITY 
DIMENSION A(39,39),V(39),W(39),X(39),ID(39) 
READ 100,NPROG,JOB,NX 
IF(NPROG - 57) 2,3,2 
2 PRINT 101,NPROG 
101 FORMAT(24HTHIS IS PROGRAM 57, NOT I3) 
PAUSE 
GO TO 1 
3 PUNCH 100,NPROG,JOB,NX 
100 FORMAT(D, I5, 13) 
NVAR=NX 
DO 4 I=1 ,NVAR 
READ 102, ID (I) 
4 PUNCH 102,ID(I) 
102 FORMAT( 15) 
READ 103,NV 
103 FORMAT(8X, !3) 
DO 50 I=1 ,NV 
DO 50 J=I,NV 
READ 104 ,ELEM 
104 FORMAT(15X,E15.8) 
DO 51 K=1 ,NVAR 
IF(I - ID(K)) 51,52,51 
51 CONTINUE 
GO TO 50 
52 DO 53 L=1,NVAR 
IF(J-ID(L)) 53,54,53 
53 CONTINUE 
GO TO 50 
54 IF (K-L) 55,56,55 
56 A(K,L)=ELEM 
GO TO 50 
55 A(L, K) =ELEM 
A(K,L)=ELEM 
50 CONTINUE 
EM=NX 
TEST=. 5E- 7 
SUMTl=D.O 
L=1 
511 IT=O 
NK=50 
DO 501 J =1,NX 
501 V(J)=l.O 
502 IT=IT+l 
IF(SENSE SWITCH 3) 510,517 
517 DO 503 J =1, NX 
W(J)=O.O 
DO 503 K=1,NX 
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503 W(J)=W(J)+A(J,K)>>V(K) 
R=W(1) 
SUMT=O. 0 
DO 504 J=1 ,NX 
X(J)=W(J) /W(1) 
T=ABS(V(J)-X(J)) 
SUMT=SUMT+T 
5-4 V(J)=X(J) 
IF(SENSE SWITCH 1) 505,506 
505 TYPE 550,IT,R,SUMT 
550 FORMAT(I5,E15.8,E15.8) 
506 KN=NK=1 
IF(NK) 507,507,509 
507 IF (SUMTl-SUMT) 508,508,509 
508 TEST=10 . O>>TEST 
TYPE 551,R,SUMT,TEST 
551 FORMAT(E15,8,E15.8,E15.8) 
509 SUMTl=SUMT 
SUMT=SUMT/EM 
IF(SUMT-TEST) 510,510,502 
510 SUMV=O.O 
DO 512 J=1,NX 
512 SUMV=SUMV+X(J)*X(J) 
SUMV=SQR(SUMV) 
PUNCH 106,1 
106 FORMAT(/19HS01UTION FOR FACTORI5) 
PUNCH 107,R 
107 FORMAT(20HCIIARACTERISTIC ROOT=E15. 8) 
PUNCH 108 
108 FORMAT(/15H10ADING FACTORS) 
DO 514 I=1,NX 
X(I)=X(I)/SUMV 
514 PUNCH 109,I,X(I) 
109 FORMAT(I5,E15.8) 
TRACE=O.O 
DO 51 6 I=1,NX 
DO 513 J=1,NX 
513 A(I,J)=A(I,J)-X(I)>>X(J)''R 
516 TRACE=TRACE+A(I, I) 
TYPE 552,1,IT,R,TRACE 
552 FORMAT(I5,I5,E15.8,E15.8) 
1=1+1 
IF(SENSE SWITCH 4) 521,522 
521 PAUSE 
522 IF(SENSE SWITCH 2) 515,520 
520 IF(NX-1) 515,511,511 
515 PUNCH 110 
110 FORMAT(/13HRESIDUA1 MATRIX) 
DO 9 I= 1 ,NX 
DO 9 J=l,NX 
9 PUNCH 552,I,J,A(I,J) 
PAUSE 
GO TO 1 
END 
171 
172 
6 . Coefficient of similarity 
DIMENSION A(40,40),C(40),D(40),E(40),ISN(40),FAME(9) 
999 FORMAT(2I3,2Il,9A4) 
,SP(40) 
90 READ 999,NST,NSP,COL7,MOP,FAME 
201 FORMAT (I4,4X,l8F4.1/8X,8F4.1) 
READ 201, (ISN(I),(A(I,J),J=l,NSP),I=l,NST) 
444 PUNCH 555,FAME,NST,NSP 
PUNCH 6 
DO 200 I=l,NST 
SP(I)=O.O 
DO 200 Jzl,NSP 
200 SP(I)=SP(I)+A(I,J) 
DO 5 J~l,NSP 
T=O.O 
E(J)=O.O 
SJ=O.O 
W=O.O 
DO 3 I=l,NST 
T=T+l.O 
IF(A(I,J)) 4,3,4 
4 IF (A(I,J)•E(J)) 1004,1004,1003 
1003 E(J)=A(I,J) 
1004 W=W+l.O 
SJ=SJ+A(I, J) 
3 CONTINUE 
SJ=SJ/T 
W=100 . 01<W/T 
R=SJ*W 
PUNCH 2,J,E(J),SJ,W,R 
IF(MOP) 88,33,88 
33 DO 30 J=l ,NSP 
DO 30 I=l ,NST 
30 A(I,J)=A(I,J)/SP(I) 
88 DO 12 I=l,NST 
D(I)=O.O 
DO 12 J=1 ,NSP 
12 D(I)=D(I)+A(I,J) 
DO 44 I=1,NST 
SK=O. 0 
DO 42 K=1 ,NST 
S=O.O 
DO 41 L=1,NSP 
SM=A(I, L) 
IF(A(I,L)-A(K,L)) 41,41,40 
40 SM=A(K, L) 
41 S=S+SM 
C(K)=200.0*S/(D(I)+D(K)) 
42 SK=SK+C (K) 
PUNCH 43,I ,ISN( I),(C(K) ,K=l ,NST) 
PUNCH 48,I ,SK 
44 CONTINUE 
555 FORMAT (52H COMPUTATION OF INDICES OF SIMILARITY (2W /A+B) FOR 
1 9A4/20X, 7H US ING I4,12H STANDS AND I4, lOH SPECIES. ///) 
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6 FORMAT(llX,8H MAX VAL5X7HAVE VAL3Xl3HPRES. PER CT.4X23H(AVE. VALUE 
l X PRESENCE)) 
I4,F9.l,Fl2 . l,llXF6.l , 6XF 9 . l) 2 FORMAT (6H ITEM 
43 FORMAT (///38H 
lAND NUMBER I4/ 
48 FORMAT (45H SUM 
PRINT 101 ,FAME 
INDX SIMILARITY VALUES FOR STAND I3, 6X, l4H ST 
(lOF6.l) ) 
OF INDEX OF SIMILARITY VALUES FOR STAND I3 , FlO.l) 
IF (SENSE SWITCH 9) 997,90 
997 PRINT 102 
PAUSE 
GO TO 90 
101 FORMAT(lOHEND OF RUN 9A4) 
102 FORMAT (l l HEND OF FILE) 
END 
7. Cluster analysis by the weighted pair-group method 
DIMENSION X(40,40) 
COMMON X,N,IWRK,JWRK,WORK 
READ lOl,N 
DO 500 I=l,N 
500 READ 108, (X(I,J),J=l,N) 
DO 4 I=l,N 
4 X(I,I)=.99999999E99 
LOOP=l 
CALL LARGE 
LOOP=LOOP+l 
PUNCH l09,JWRK,IWRK,WORK 
CALL CLUSTR 
CALL NINES 
IF (LOOP--N) l, 2, 2 
STOP 
101 FORMAT (12) 
109 FORMAT(2I5,Fl2 .4) 
108 FORMAT (lOF6.l) 
END 
SUBROUTINE NINES 
DIMENSION X(40,40) 
COMMON X,N,IWRK,JWRK,WORK 
DO 40 IEIWRK,IWRK 
DO 40 JEl,N 
X(I,J)=.99999999E99 
40 X(J,I)=.99999999E99 
RETURN 
END 
SUBROUTINE LARGE 
DIMENSION X(40,40) 
COMMON X,N, IWRK,JWRK,WORK 
L=O 
K=2 
WORK= - l. 0 
DO 53 I=K,N 
L=L+l 
DO 53 J=l, L 
IF (X(I,J)- . 99999999E99) 52,53,52 
52 IF(WORK=X(I,J)) 54,53,53 
54 WORK=X(I,J) 
IWRK=I 
JWRK=J 
53 CONTINUE 
RETURN 
END 
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SUBROUTINE CLUSTR 
DIMENSION X(40,40) 
COMMON X,N,IWRK,JWRK,WORK 
DO 60 I~2,N 
IJ=I 
JWRK1uJWRK 
IWRK1uiWRK 
IF(I-IWRK1) 61,60,63 
61 IJmiWRK1 
IWRK1DI 
63 IF(X(I,JWRK)-.99999999E99) 64,60,64 
64 X (I, JWRK)- (X (I, JWRK)+X(IJ, IWRK1) )"'. 5 
60 CONTINUE 
RETURN 
END 
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Appendix II I 
When x andy are not independent of each other (i.e., if they 
are associated), 1 
[ ~ xy - i x £ y 
n 2 s 
r2= xy 
[ i x
2 
- ~][~ y2 - ~ y)2 szsr-X y 
n 
[i xy - £ X ~ Y. ] 
or r = 
n ~ 
J£ x2 { £ x) 2 J [ ~ 2 - { i y) 2 sxsy y n n (2) 
1 a-2 , ~denote popu lation variance and popu lation simple correla-
tion coefficient; s2, r denote samp l e variance and sample simple correla-
tion coeffic i ent; and S~y denotes the sample covariance of X andY. 
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It can readily be shown that the relationships expressed by equa-
tions (l) and (2 ) are the same: 
~(x + y)2 [ ~ (x + y)] 
n 
n - l 
s./ + £ 2 
( I, x) 2 + ( ~ y) 2 + 2 ( £ x) ( i y) 
y + 2 ~ xy - n 
n-l 
[ 1 x2 _ ~2 J + [ ~ y2 _ ~ ] + 2 [ ~ xy -~ J 
n-l 
£ y2 - i..!...v2. 2 
--------~n________ + n 
+ 
n-1 n-1 
2 
s y 
+ 2 [hy -~~] 
n-l 
(3) 
If we substitute the value of s2 from equation (3) in equation 
x+y 
(l)' viz, 
r = 
we obtain, 
r = 
s2 
-
s2 
-
s2 
x+y X y 
2S S 
X y 
(S~ + s~ + 2 sxyl - s~ - s~ 
2S S 
X y 
which is the same as equation (2). 
s s X y 
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Equation (2) was used by Kershaw (1960) for an analysis designed 
to test both the scales of pattern and the degree of association pre-
sent at all sample unit sizes in a plant population . If two species, 
x and y, are associat ed together, then an analysis of variance of the 
grouped data when compared with the expected variances of x and y 
(assuming them to be independent variables) will show the trend at 
each bl ock size. The amplitude of the peak is decreased in negative 
association, and incr eased in positive association. 
